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Watermal mag. eda. eon i! yur ep Stockholm. 


Kohler, Alex. Dr. phil., Prof. 20. Min. Inst. Univ. Wien I. 


Dagerhjelm, P., Bergsingeniér. 86 .....:.............. Finspang. 
‘Lagrelius, A. Fil. Dr, Ingenjér, Overintendent. 03. 
Pee nerUR GED PORCINE a ea nwle toca naaancine nas Stockholm. 


Laitakari, Aarne. Fil. Dr, Prof., Chef for Geol. Komm. 14. Helsingfors. 
Landergren, Sture, Fil. Kand. 23. Palmbladsvigen 4 


POS Se 2 PO? eh on Stockholm. 
Larsen, Hj. A. Fil. Lic., Amanuens. 23. Jirntorget 55 Stockholm. 
Larsson, Carl, Assistent. 388. Sv. geol. unders. .._.. Stockholm 50. 
Larsson, Walter, Fil. Lic. 34. Geol. Inst. ...__.__. Uppsala. 
Lehmann, E., Dr, Professor. 38. Ludwigstrasse 23... Giessen, Tyskland. 
‘Lehmann, J. Fil. Dr, Professor. 86__................... Kiel. 


Lidén, R. Fil. Lic. 06. Statens Jarny. geotekn. avd. Stockholm. 
Lindblom, E. D. Civilingenjér. 26. Grénviksvigen 135 Nockeby. 
Lindgren, Ake, Ingenjér. 38. Vegagatan.__._.._..... Boras. 
Lindquist, Bertil, Fil. Dr, Docent. 31. Skogshégskolan Experimentalfiltet. 
Lindquist, O. Bergsingenjér. 38. Sv. Diamantberg- 


ia IS Sa Ca 2 Se ee ee Stockholm C. 
mindqvist, 8. Fil. Dr, Professor. 10 -.-.......-.......- Uppsala. 
mindroth, G. Fil. Dr, Disponent. 12_....._........... Bispberg. 
Ljungdahl, Gustaf, Fil. Dr, Forste Aktuarie. 35. 

Pe ROERAVOEEC! 55 co Aiea ed ps Sateen Stockholm. 


Ljungner, Erik, Fil. Dr, Docent. 20. Bérjegatan 19 Uppsala. 
Loostrém, A. R. Fil. Lic., Assistent. 06. Tekn. hégsk. Stockholm. 
Lundberg, H. Bergsingenjér. 18. 604 Victory Building, 


Hie Lal@unteritl Shire WV. ceeeteg Soe ot ee Toronto, Canada. 
Lundberg, 8. E. Bergsing., Verkst. Dir. 19. Reymers- 

Holme, Gramie tadustr A.B. 8s. des. Halsingborg. 
Lundblad, Karl, Civilingenjér. 24. Sv. Mosskulturforen. Jénképing. 
Lundegren, Alf, Fil. Dr, 28. Folkhégskolan -.__.- Malung. 
‘Lundqvist, E. Disponent. 16. Bergslaget _...._..._. Falun. 
Snndgvist, G. Fil. Dr, Statsgeolog. 17_...........-.- Stockholm 50. 
Lundqvist, M. Kartredaktér. 19. A.-B. Kartografiska 

OLE SES AANEECCST CS a (Ges es Stockholm. 
Lupander, Kurt, Fil. Mag. 29. Mariegatan 21 A... Helsingfors. 
monnberg, Egil, Fil. Lic. Intendent. 26 ...-.-....-- Jonképing. 
Léwenhielm, H. Bergsingenjor. 12. lLangnis __.._- Tjarnas. 


‘Madsen, V. Fil. Dr, f. d. Direktér for Danmarks Geol. . 

iaderd.. e9.5 Ostervoldcade: 7 ../:..,:-.-.-2------+-- K6épenhamn. 
Magnusson, J. Herman, Ingenjor, Disponent. 21... Katrineholm. 
‘Magnusson, N. Fil. Dr, Docent, Statsgeolog. 17... Stockholm 50. 
Malmgquist, David, Fil. Lic. 26. Bolidens Gruv A.B. Stockholm. 
Malmstrém, C. Fil. Dr, Docent. 10. Sturegatan 52 ... Stockholm. 
Mannerfelt, C. M:son, Fil. Kand. 388. Hollandare- 


nT ES ang he ante ee 2 a Stockholm. 
Martin, L, O. Teknolog. 33. Tekn. Hégsk. ........ Stockholm. 
Matton, Carl M. Civiling. 34. Sv. Diamantbergborrn. 

SS SO CSE Rs ee ee Stockholm C. 


Meier, Otto, Dr. Phil. 20. A.B. Elektrisk Malmletn. 
UDR, ECG) tg Binet ee nee ee me Pe Stockholm C. 


10 


Mellis, Otto. Priv. Doz, 37. L. U. Mineralogijas inst. 


Kronvelda. Bult Aispstevekidesves +r bene one t eeeee Riga. 
*Miers, Sir Henry A. Vice Chancellor of University. 94 
18 Aberdare Gardens, West Hampstead _....-..------- London, N. W. 6. 
*Milthers, V. Cand. polyt., f. d. Statsgeol. 98. Jernbane 
AG 16 Cat ee ere tos on ek vakthic dowd es seonnennp ae ees Képenhamn-Vanlgse. - 
Mogensen, Fredrik, Bergsingenjor. 25..-.--.--------- Ludvika. 
Mohrén, Erik, Fil. Lic., Amanuens. 32. Geol. Inst. Lund. 
Molin, Katet Pal Dr,, Lektor! 04.2:.5-.2.22¢esasereeeee Orebro. 
Mossberg, K. E. Bergsingenjér. 03 --.-...-.--.-----.- Ludvika. 
Munck, Solveig. Mag. scient. 32. Ostervoldg. 7 -.. Képenhamn. 
Munthe, H. V. Fil. Dr, Professor, f. d. Statsgeolog. 86 Djursholm 2. 


von zur Mihlen, L. Fil. Dr, Professor. 15. Geol. Berlin-Char- 
Inst. der Techn. Hochschule. Berlinerstrasse 170/72 — lottenburg. 
Martenson, S. Fil. Kand., Rektor. 06. Folkskole- 


CTV ie | Sed RE RE IS ey eS Lund. 
Miakie emer Pil. Dr. 14 2502 seule cee Outukompu, Finland. 
Mortsell, Sture, Bergsingenjér. 20. Bolidens Gruv-A B. Skelleftehamn. 
*Nachmanson, A. Direktér. 16. Kungstridgardsg. 10 Stockholm. 
Nannes, G. Fil. Dr, Direktér. 96. Svarttorp --.-.. Jarna. 
Nawekbotf Ss. ~ Overingenjor. (“Lies 22-2 e- 2 ce Gyttorp 
Nelsonpelon Hil. DreRrofessor 10 eee 9 ee Lund. 
Nilsson, Erik, Fil. Dr, Folkhégskollairare. 22-_.-_ __- Vasterhaninge. 
Nilsson, M. Ingenjér. 29. Skanska Cement -.....--. Limhamn. 
Nilsson, Ragnar, Postassistent. 20. Stallmistare- 

OLAS OD SN ears oe en Ono ee Malmé. 
Nilsson, “Tage. iil. Dr. 2%. Semskolan 2.17.22 Djursholm. 
mNisser, Wer Fil. Kand. Disponent, "05.25... eee Grycksbo 
Bec e lL. Ln RI Or 00 oe A ed ee Djursholm. 
Noe-Nygaard, Arne. Dr phil. 31. Ostervoldg. 7... Kébenhamn. 
Nordenakiolds, laa. Dr, Lektor, 98.2.) sage Boras. 
Nordhagen, Rolf, Professor. 20. Museum_-____----- Bergen. 
Nordquist, Pas tLaneveterinir. 87.21.42... ie, Mora. 
Nordquist, Sigfrid, Fil. Mag. 19. Kungbiacksvagen 5 Givle. 
Nordstrém, Allan, Bergsingenjér. 24. A. B. Elektrisk 

Bfalnlein a Kumesratan 44°. ee Stockholm C. 
Derelins, OQ. 4. .d. Bergméstire. “86. (i. 2 Appelviken. 
Norin, Erik. Fil. Dr, Docent. 14. Geol. Inst.._____ Lund. 
Naoringanolis.o tl. Dre Dotent. 29 0 Soest are Mets Hoganis. 
Norstrém, Edvard, Bergsingenjér. 25. A.-B. Elek- 

iriskyMalmietn. Kungsgatan 44 2.2... 5. Stockholm C. 
Nyberg, Viktor, Fil. Kand. Liaroverksadj. 31 _....- Halsingborg. 
pmb Tr. STngenjorego) ot. ue ee ee Lindesberg. 
Nystrom, E. Fil. Dr, Professor. 19. 2 Tung Changan 

ES Se eae Nee aA he 2 ee PMA CT TE, Peiping, Kina. 


Odhner, N. Fil. Dr, Museiassistent. 10. Riksmuseum Stockholm 50. 
Wideviee Loa isalic WS. N oA matanie Ta meee a. Goteborg. 
Olsson, J. Forste byraingenjér. 15. Tre liljors plan 1 Stockholm. 


iY 


Ording, Asbjérn, Forstkandidat. 34 ................. Aas, Norge. 
eertom, DB.  Bergsingenjor. 03_.......-..........-......... Stocksund. 
Osvald, H. Fil. Dr, Professor. 15. Ultuna -........ Uppsala. 
fOxaal, J. Cand. real. Direktér. 12 .................. Saude, Ryfylke. 
malen, A. G. P. Overing. 03. Tattby.................. Saltsj6baden. 
Palmgren, J. Fil. Dr, Doc., Lirov.-adj. 00 ........-.. Uppsala. 
Palmqvist, Sven, Fil, Dr. 32. Geol. Inst............- Lund. 
Parsons, A. L. Professor. 27. Royal Ontario Museum Toronto 5. 
Pehrman, Gunnar, Fil. Dr. 30. Abo Akademi_..... Abo. 


Petersson, Sven, Bergsingenjér. 29. Sv. Diamant- 
bereborrn. A.B. Kungseatan 44___._.....-............. Stockholm C. 


Popoff, Boris, Professor. 22. Popoffstrasse 8........ Riga. 
*von Post, L. Fil. Dr, Professor. 02. Stockholms Hégsk. Stockholm 6. 
Proffe, Bo, Fil. Kand. 31. Myntgatan 35-...._..... Falun. 
Puke, Carl, Fil. Stud. 34. Alviksvigen 40_.....-._.. Appelviken. 
"Quensel, Percy D. Fil. Dr, Professor. 04. Stockholms 

BURY cee ok aN ee ed LS A) he Stockholm 6. 


Rauff, H. Fil. Dr, Professor. 96. Leibnitzstrasse 91 Charlottenburg 2. 
Ravn, J. P. J. Mus.-insp. Doc. 99. Ostervoldgade 7 Képenhamn. 
*Regnell, Gerhard. Amanuens. 37. Geol. Inst.... Lund. 


@eenemark, Folke, Wil. Lie. 27 _...22..2..2..-..- Stockholm 50. 
eeouwall, Aage. Fil. Mag. 37. Hsbo____.......-..... Finland. 
Reuterskidld, A. Fil. Kand. 16. Birkagatan 3 _._ Stockholm. 
Rosén, Seth, Fil. Kand. Statens Provningsanstalt _.. Stockholm. 
“Rosendahl, Halvor, Konservator. 30. Trondhjems- 

(OTHE Tue a Mave Res bit Sed Nis eae A a es ee Oslo. 
Rosenkrantz, Alfred, Cand. polyt., Docent. 29. 

0 She See he ee ee K6penhamn. 


Rothelius, Ernst, Bergsingenjér. 29. Vasterled 8 Appelviken. 
Roxstrém, Erik, Ingenjér. 38. A.B. Elektrisk Malm- 


(SL Leg 7 il ae aie Ao Seep ance eee ete Stockholm C. 
Mudeberg, Gillis, Fil. Lic. 24-_._........- Marieborg, Sédertérns villastad. 
musuore. Karl, Beresincenjor. 31 \.2.2..2-.2----4-2.--- Ludvika. 
Rydbeck, Otto, Fil. Dr, Professor emeritus. 29-.__.- Lund. 


Sahlbom, Naima, Fil. Dr. 94. Eriksbergsg. 13... Stockholm. 
Sahlin, C. A. Fil. Dr, Disponent. 91. Stockholmsviigen 9 Djursholm. 
Sahlstein, Ture, Fil. Kand. 29. Univ. Geol. Inst. Helsingfors. 
*Sahistrom, K. E. Fil. Dr, Sekreterare v. Sveriges geol. 


unders. 08. Féreningens skattmdstare..-..----------- Stockholm 50. 
Saksela, Martti. Fil. Dr, Statsgeol. 23. Geol. Komm. Helsingfors. 
Seanelson, HG. Disponent. 98 .....:...-...--------- Vargon. 


*Samuelsson, G. Fil. Dr, Professor. 07. Riksmuseum Stockholm 50. 
*Sandegren, R. Fil. Dr, Statsgeolog. 10. Styrelseledamot Stockholm 50. 
Sandell, Arne, Fil. Mag., Amanuens. 36. Geol. Inst. Lund. 
Santesson, G. Kapten. 24. Rikets allm. kartverk_-. Stockholm LO: 
Sauramo, M. Fil. Dr, Professor. 21. Geol. inst. Univers. Helsingfors. 
*Sernander, J. R. Fil. Dr, Professor emeritus. 88.... Uppsala. 
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Sidenvall, K. J. F. Kommerserdd. 99 
Sjogren, O. Fil. Dr, Lektor. 05. Valevigen 51.-_ 
*Smith, H. H. Bergsingenjér. 93. Cam. Collets ve) 6 
*Sobral, José M. Fil. Dr, f. d. Direktor General. 08. 

Avenida de los Incas 3020 
Soikero, J. N. 18. Orimattila_......-.----------.------- 
*Staudinger, R. Fil. Mag., Assessor. 
Stenberg, K. Ingenjér. 17. Brahegatan 32" 
Stollenwerk, E. W. Bergsingenjér. 03---.--.-.------ 
Strandmark, J. E. Fil. Dr, Folkhégskoleforest. 10 -_- 
*Strom, Kaare Minster, Fil. Dr, Docent. 38. Geologisk 


Mouse uit 22-22-20 ne eee a ee 
Sundberg, Karl, Bergsingenjér, Direktér. 23. A.-B. 
Elektrisk Malmletn. Kungsgatan 44. Foreningens 


ordforande 
Sundholm, O. H. Gruvingenjér vid Bergsstaten. 93_-- 
Sundius, N. Fil. Dr, Statsgeolog. 08 
Syanberg, EH. G. Bergsingenjor, “OT ee 
Svanholm, J. W. Ingenjér. 35. Manila P. O. Box 626 
Svedberg, S. B. Fil. Lic., Lektor. 21. Laboratorieg. 3 
Svensson-Fredriksson, F. W. Svarvare. 28. Mérby- 

Mav CNN BUT ee te ae Se ore ee 
Saive-Séderbergh, Gunnar. Fil. Lic., Professor. 29 


mice Of Fil Dre Protessors 2-052 ee 
amnier: IN. soHilee Drs Protessota. a Ue. 2.25. see ee eee 
plegengren, PR Wily lac. OT, Morby_.22 2 
Thomson, Paul, Dr rer. nat., Privatdocent. 28. 

gem bitu—8—3 2 Ao os en. 2 eee 
Thordeman, Bror, Kapten. 29. Gen. Lit. Anst. -_. 


Thorné, 8. G. Bergsingenjor. 21. Bolidens gruv-A.-B. 

Uhorsiund, Per, Fils Lie., 6. 0. Geologs 29 Lo ae 

Thunmark, Sven. Fil. Lic., Assistent. 26. Sala- 
gatan 29 A 


Thaberg, Carl Th. Disponent. 21. Nordisk Roto- 


RNA VIE Eee See tee. cir hae: ae. ee 
Beene mos eberemastare. «104... conte ee 
*Tillberg, E. W. Bergsingenjér. 00. Linnégatan 48 A 
Tjernvik, T. BK. Kemigraf. 38. Thulegatan 5 B_. 
*Tolmachow, I. P. Professor. 03. Carnegie Museum 
Torell, O. Bergsingenjér, Direktér. 94 
*Troedsson, G. T. Fil. Dr, Docent. 

Foreningens sekreterare__..................---...-.-.-.... 
Trotzig, Peter, Dr, Ing. 34. Chemnitzerstrasse 10! 
Torngqvist, John, Bergsingenjor. 25 L.K.A.B. .....- 


*Vogt, Th. Fil. Dr, Professor. 16 


de Vries, T. Bergsingenjér. 31. Stanleyville, P. R. 


Vayrynen, H. A. Fil. Dr, Statsgeolog. 14. Geol. komm. 
Wern, Bertil, Fil. Stud. 36. 


Lektor. 


Sysslomansg. 9 


Djursholm. 
Djursholm 2. 
Oslo. 


Buenos Aires. 
Finland. 
Helsingfors. 
Stockholm. 
Ammeberg. 
Grimslov. 


Oslo 47. 


Stockholm C. 
Djursholm. 
Stockholm 50. 
Nora. 

Philippine Islands. 
Goteborg. 


Nynishamn. 
Uppsala. 


Experimentalfaltet. 
Grankulla, Finland. 
Stocksund. 


Tallinn, Estland. 
Stockholm. 
Boliden. 
Stockholm 50. 


Uppsala. 


Stockholm 1. 
Falun. 
Stockholm. 
Orebro. 
Pittsburg, Pa. 
Ammeberg. 


Djursholm 2. 
Freiberg i. Sa. 
Box 43. Kiruna. 


Trondheim. 
Congo Belge. 
Helsingfors. 
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*Wahl, W. Fil. Dr, Professor. 03. Hamngatan 5 _.. Helsingfors. 


Beauteren 8. iil Dr, Lektor. 12... 5.0202-..........- Malmo. 
CLUE BSNS EC! qo) Sa \ en a Djursholm. 
Wallroth, K. G. Bergsingenjér, Disponent. 21 -.-...- Persberg. 
@yanjura, F, R. J. Bergsingenjér. 14 ................. Morgongava. 


Warburg, Elsa, Fil. Dr, Docent. 10. Geol. inst... Uppsala. 
Wegmann zur Hagar, Eugen C. Dr. 27. Bocksriet Schaffhausen. 
Weiler, G, Fil. Dr, Liroverksadjunkt. 21. Rocksjégatan 2 Jénképing. 
Wenner, Carl-Gésta, Fil. Mag. 35. Sthlms Hégsk. Stockholm 6. 


meslien, J. G. H. -Bergsingenjér. 18.................. Langbanshyttan. 
Wesslau, Eric, Bergsingenjér, Disponent. 19 __.__.- Boliden. 
*Westergird, A. H. Fil. Dr, Statsgeolog. O1 _._....-. Stockholm 50. 
Westlund, E. Gruvingenjér. 16. Asgatan 71___.._.- Falun. 
Wickman, F.-E. Fil. Kand. 37. . Dalag. 36__.._.._.- Stockholm. 


Wickman, Ake, Ryttmiistare. 21. Gen. Lit. Anst... Stockholm. 
Wikstrém, C. Fil. Kand., Grosshandlare. 06. Strand- 


TENGTT AS Wei odes a oF AOL eg Oe ol eR Stockholm. 
*Wiman, C. Fil. Dr, Professor emeritus. 89 _.._....- Uppsala. 
Wiman, E. Fil. Dr, Lektor. 21. Norra Torget 3 Kristinehamn. 

*Winge, K. Fil. Lic., f. d. Bergsskolerektor. 94_...-. Lidingo 1. 
Mebroanrocminar. Mi Dr 2 2). eee eee ee Lundsbergs skola. 
Woldstedt, P. Fil. Dr, Landesgeologe. 26. Invaliden- 

Cli be Saud Occ us Se ae ae ea ee Berlin N. 4. 
Ygberg, Erik. Fil. Kand. 21. Sv. geol. unders. __.. Stockholm 50. 
Seeerotr. 2 ) Diroktor. (12> 2.220. 2. .-.-- se noe Sandviken. 
Zans, Verners, Cand. rer. nat. 36. L. U. geologijas 

Wmstuur bazhicas tela” 5—1S. 2. ...-..2- ks. ees Riga. 

Zemaitis, Meécys, Assistent. 34. Landwirtschaft]. Aka- 
UNC TEL Gk Mle Ree Aa A el ce ke EE oe a Dotnuva, Litauen. 


Zenzén, N. Fil. Lic., Museiassistent. 04. Riksmuseum Stockholm 50. 
Zimmermann, K. Fil. Dr, Professor. 98. Invaliden- 
Rasta a deere: eee fore et ee Berlin. N. 4. 


Akerblom, D. Fil. Mag., Laroverksadj. 13. Kungsg. 12 Hudiksvall. 


Mdman, Olof, Fil. Lic., Dr Ing: 25 .......--...------ Boliden. 
Odum, H. Dr. phil., Direktér for Danmarks Geol. 
Ui “EE ee ee Charlottenlund, Danmark. 
Oster, Johannes, Fil. Lic. 30. Teatergatan 4 ~..--- Linképing. 
Féreningen raknar den 1 januari 1938: 
orstemmedamOtes 8+. - tos 2 se-o-ns—- Ve 
Korresponderande Ledaméter---.-..----- 20. 
We tantOuensesseeeees 2 ese seen eas 388. 
Summa 409. 


Ledaméter invalda den 12 januari 1939: 


Minucsen, dw. A. Dr. 89. P. O. Box 61 _-...... Haines, Alaska. 
Werner, Sture, Fil. Kand. 39. Sv. geol. unders...---- Stockholm 50. 
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déverlimnar sina Forhandlingar till foljande institutioner, for- 


Geologiska Foreningen 


eningar, sillskap. 


Stockholm. 


Giéteborg. 
Jonkdping. 
Lund. 


Uppsala. 


Aas. 
Adelaide. 
Albany. 
Baltimore. 
Basel. 
Bergen. 
Berkeley. 


K. Jordbruksdepartementet. 

K. Ecklesiastikdepartementet. 

Jernkontoret. 

Sveriges geologiska undersékning. 

Statens meteorologisk-hydrograjisk anstalt. 
Statens skogsforséksanstalt. 

K. Kommerskollegium. 

K. Vetenskapsakudemien. 

Riksmuset zoo-paleontologiska avdelning. 
Riksmusei mineralogiska avdelning. 

Stockholms hégskolas geologiska institut. 
Stockholms hégskolas mineralogiska institut. 
Stockholms hégskolas geograjiska institut. 
Tekniska hégskolans bibliotek. 

Tekniska Hégskolans Inst. fér vagbyggnad ete. 
Tekniska hégskolans studentkar. 

K. Vitterhets-, historie- och antikvitetsakademien. 
Svenska Sdllskapet fir antropologi och geograji. 
Svenska teknologféreningen. 

Svensk botanisk férening. 

Svenska skogsvardsfireningen. 

Svenska turistforeningen. 

Géteborgs hégskolas geografiska institution. 
Svenska mosskulturforeningen. 

Geologiska institutionen. 

Geografiska institutionen. 

Universitetsbiblioteket. 

Geologiska institutionen. 


Naturvetensk. studentsdllskapets sektion fér geologi. 


Geografiska institutionen. 
Paleontologiska institutionen. 


Norges Landbrukshéjskoles Bibliotek. 
Royal Society of South Australia. 
New York State Library. 

Maryland Geological Survey. 
Universitdtsbibliothek. 

Bergens Museum. 

University of California. 


; 


Berlin. 


Bern. 
Bonn. 


Bordeaux. 
Bremen. 
Breslau. 
Bruxelles. 
Budapest. 


Buenos Aires. 


Buffalo. 
Bukarest. 


Caleutta. 


Cambridge. 
Canton. 

Chapel Hill. 
Chicago. 
Cleveland, Ohio. 
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Preussische Geologische Landesanstalt. 

Deutsche Geologische Gesellschaft. 

Gesellschaft fiir Erdkunde. 

Gesellschaft naturforschender Freunde. 

Geologisches Institut der Universitdt. 

Naturhist. Verein d. preuss. Rheinlande u. Westfalens, 
Maarjlach 4. 

Société Linnéenne. 53 Rue des trois Conils. 

Naturwissenschaftlicher Verein. 

Geologisches Institut der Universitit. 

Musée Royale d@ Histoire naturelle. 

A magyar kiralyi Féldtani Intezet kényvtaranak. 

Hydrologische Sektion d. Ungarischen Geol. Gesellsch. 

Magyar Nemzeti Museum. 

Instituto Geografico Argentino. 

Direccion General de Minas Geologia e Hidrologia. 

Museo Nacional de Historia Natural. 

Society of Natural Sciences. 

Institutul Geologic al Romaniei. 

Société Roumaine de Géologie. 

Geological Survey of India. 

Geological Mining and Metallurgical Society of India. 

Department of Mineralogy and Petrology Univ. 

Geol. Surv. of Kwangtung & Kwangst. 

Univ. of N. Carolina Library. 

John Crerar Library. 

Western Reserve University. 


Cluj (Clausenburg). Museul Geologic-mineralogic al universitatit. 


Columbus. 
Danzig. 


Darmstadt. 
Delft. 
Edinburg. 


Elberfeld. 
Frankfurt a/M. 
Freiberg i. Sa. 


Freiburg i. Br. 
Geneve. 
Glasgow. 

Graz. 
Greifswald. 


Gottingen. 
Halifax. 
Halle. 


American chemical society. 

Biicheret d. Technischen Hochschule, Danzig-Lang- 
uhr. 

euike geologische Landesanstalt. 

Geologisch mijnbouwkundiq Genootschap. 

Geological survey of Scotland. 

Geological Society. 

Naturwissenschaftlicher Verein. 

Senckenbergische Naturforschende Gesellschaft. 

Bergakademie. 

Sdchsische geologische Landesanstalt. 

Universitdts- Bibliothek. 

Société de Physique et d'histoire naturelle. 

Geological Society. 

Naturwissenschaftlicher Verein fiir Steiermark. 

Geographische Gesellschaft. 

Geol. Paleont. Inst. der Univ. 

Naturwiss. Verein f. Neu-Vorpommern u. Liigen. 

Universitats- Bibliothek. 

Nova Scotian Institute of Natural Sciences. 

Stichsisch-Thiiringischer Verein fiir Erdkunde. 

Leop. Carol. Akademie der Naturforscher. 
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Hamburg. 


Havre. 
Heidelberg. 
Helsingfors. 


Jena. 
Johannisburg. 
Kiel. 

Kiew. 
Krakow. 
Kénigsberg. 
Képenhamn. 


Lausanne. 
Leeds. 
Leiden. 
Leipzig. 


Leningrad. 


Liége. 
Lille. 
Lima. 
Lissabon. 
Liverpool. 
London. 


Madison. 
Madrid. 
Manchester. 
Mexico. 
Minneapolis. 
Montreal. 
Moskva. 


Mineralogisch-geologisches Institut. 
Staats und Universitdtsbibliothek. 
Société géologique de Normandie. 
Geologisch-Paldontologisches Institut der Universitat. 
Geologiska Kommissionen. 

Geografiska sdllskapet. 

Universitetets geografiska imrdttning. 

Universitetets Mineralkabinett. 

Hydrografiska Byran. 

Finska forstsamfundet. 

Finska Fornminnesforeningen. 

Mineralogisches und geologisches Institut. 

Geological Society of South Africa. 
Naturwissenschaftl. Verein fiir Schleswig-Holstein, 
Biblioteque de Académie des Sciences. Korolenka 58 a. 
Akademia umiejetnosct. 

Physikal.-dkonomische Gesellschaft. 
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The Paragenesis of Ludwigite in Swedish Iron Ores. 
By 


PER GEIJER. 


(M. 8. received Oct. 31st., 1938.) 


The problems involved. In the genetical interpretation 
if the Archean iron ores of Central Sweden, the geological type which 
as presented the greatest difficulties is that of the non-manganiferous 
farn ores, including the associated »limestone ores». The general 
1aracter of these ores can be expressed in few words: Magnetite ores, 
scompanied by a silicate gangue (skarn) — mainly made up of members 
| the pyroxene, amphibole, and garnet groups — mostly directly 
mnected with carbonate rocks (limestone and dolomite) and often 
ore or less mixed with them, and in many cases exhibiting a distinctly 
etasomatic relation towards these rocks. Most deposits of this type 
yrrespond in all respects to the well-known group of iron ores formed 
rough contact metasomatism, although there is no possibility of tracing 
ay especially close room relations to individual intrusions. Several 
titers have, therefore, in discussing geologically certain parts of the 
e-bearing region, ascribed to ores of this type an origin through 
ntact metasomatism. Among them is the present writer who has 
terpreted the skarn ores of the Riddarhyttan district as formed 
rough the action of the oldest group of granite intrusions in the region 
). However, it has become increasingly clear, mainly through the 
ork of Macnusson (9, 10, 11), that this interpretation cannot be ex- 
nded to all the skarn ores of the region. It has been convincingly 
smonstrated that silica-bearing iron ores formed at lower temperatures 
hrough sedimentation or hydrothermal replacement) and containing 
cite or dolomite, have been recrystallized, and to some extent re- 
ranged and chemically altered, through the influence of the granitic 


1 Numbers in parenthesis refer to the list of works cited, at the end of this paper. 
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intrusions, without any essential addition of iron compounds, the final 
result being a typical skarn ore deposit. The present writer has become 
fully convinced of the importance of this process, but has maintained 
that the addition of iron through granitic emanations, by way of con- 
tact metasomatism in the usual sense, has also contributed on an im- 
portant scale. In a recent paper by MaGnusson, on the other hand, 
this writer states his view to be »that only few and usually unimportant 
totally new iron ores have originated during these processes» (the con- 
tact action of the older granite group), »an opinion which has also been 
expressed by G. Lindroth and A. Hégbom» (12). It may be noted that 
Linprots# has described a number of cases where skarn ores occur as 
older inclusions in the granites (7). ; 

In the opinion of the present writer, again, the view just quoted means 
that the conclusions based on Magnusson’s excellent demonstration 
of important examples of »reaction skarn ores» are carried much further 
than is justified by the evidence. In all probability, the difference im 
opinion is, to some extent at least, caused by a different proportional 
importance of the two processes in those parts of the region with which 
the various investigators are most familiar. It will probably never 
prove possible to classify genetically every individual] deposit, and thus 
obtain a quantitative expression of the relative importance of the two 
modes of origin of skarn ores that are under discussion. Observations 
recently made, however, show us that the truly contact metasomati 
type must be much more important than is indicated by the above 
quotation. 

Once it has been made clear that ordinary skarn ore deposits ma 
have arisen through the metamorphism of low-temperature ores, th 
possibilities of directly demonstrating an origin through contact meta 
somatism are limited to those cases where the paragenetical relations 
of the ore admit of no other explanation. In other words, the ore mus 
be associated with minerals that are known only as products of contact 
metasomatism, and associated in such a way that these characteristi 
minerals cannot be interpreted as introduced afterwards into a deposit 
originated in some other way. 

The only minerals that count in this respect are the magnesium and ia 
borates of the ludwigite group, and the magnesium fluo-silicates of the 
humite group.” The humite group offers a rather complicated problem, 
as it is possible that it may sometimes occur superimposed upon an 
earlier mineralisation: A discussion of certain sides of the problem has 


: 


: 


1 Tt is possible that also axinite ought to be included, altho i i 
: Ror 4 ; ugh its paragenetic 
amplitude is wider. In the Swedish deposits, however, it is exicomolnnel in distribution 
and never paragenetically combined with magnetite (compare below). 
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cently been given (6). The following paper, therefore, will mainly be 
evoted to the ludwigite group. 

A survey of the literature on ludwigite — the name then being used 
3 a comprehensive term covering the magnesia-iron variations from 
lagnesioludwigite to vonsenite — shows that it is known from about 
score of deposits in various parts of the world, all of them typical 
roducts of contact metasomatism. It seems to be invariably associated 
ith magnetite, generally in such amounts as to constitute an iron 
re deposit, although most cases are quite small as such. Sulphides of 
opper are often reported, sometimes in workable amounts. As a rule, 
he limestone (or dolomite) is only incompletely replaced. The associ- 
ted skarn silicates are mostly forsterite or serpentine, but diopside 
nd humite minerals may also occur. In some cases, diopside predo- 
linates, and the ludwigite has formed later. 

As already pointed out, the presence of a mineral of the ludwigite 
roup does not in itself prove that the whole deposit has been built 
p through contact metasomatism. Pinakiolite, the manganese member, 
; known only from the Langban mines, within the region now under 
iscussion. It is apparent from Magnusson’s study (11) that this 
eposit is a metamorphic development of ore bodies that were originally 
yrmed at moderate or low temperatures, and that the pinakiolite has 
ssulted from the action of boron compounds during a phase of this. 
1etamorphism. The streaks containing pinakiolite are described as 
utting like veins through the dolomitic manganese ore. 

So far, only one deposit containing ludwigite of a magnesia and iron 
pecies has been described from the region, viz. that of Tallgruvan in 
lorberg (5, 6). From this isolated case, no conclusions of wider applica- 
ility could be drawn. However, in the course of the last few years, 
sveral new examples have been encountered which show the ludwigite- 
earing paragenesis to be a characteristic although rare variation of 
he skarn ores. Part of these observations have been made during 
eld work for the Geological Survey of Sweden. The writer has had a 
elcome opportunity to discuss his results with Professor T. Wata- 
ABE, who has been engaged in a study of similar mineral associations 
om other parts of the world. 

The Swedish occurrences of ludwigite. The first 
ality to become known was that of Tallgruvan in Norberg. 
his remarkable paragenesis has already been described in detail (5), 
nd its relations to the other forms of mineralisation in the district have 
so been discussed (6). Therefore, only the following data are here 
peated: Tallgruvan is a magnetite deposit, replacing dolomite. The 
agnetite has an unusually well developed octahedral parting. Lud- 
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wigite is plentiful in some variations of the ore, both as finely fibrou 
aggregates and as rather thick, isolated prisms. In the latter form, i 
is also found scattered in the dolomite. Fluoborite is common in the 
first mentioned type. Szajbelyite also occurs. In the original descrip- 
tion, it was reported as probably present. Revision of the material ha 
shown that there is a considerable quantity of this borate, occurring in 
part as stalks, in part as fibrous aggregates. At least part of the szaj- 
belyite is secondary, some of it having formed at the expense of fluo- 
borite. Otherwise, the paragenesis is characterized by humite minerals, 
among which only clinohumite has been identified with certainty, 
forsterite, spinel, chlorite, and alteration products, as serpentine. In 
other parts of the deposit, the magnetite is associated with diopside and 
a little garnet, and no borates have been identified. The presence o 
brucite in the borate paragenesis was overlooked in the original study 
of this locality, as it was included with the leuchtenbergitic chlorite 
which is developed in similar aggregates. It was, however, more easil 
recognized in the deposits that will be described below. At Tallgruvan, 
brucite is found among the alteration products of the ludwigite (gener- 
ally in combination with hematite), and also as tabular crystals replacing 
the dolomite. The difficulty in distinguishing, quantitatively, between 
brucite and leuchtenbergite in a thin section has been met with in 
samples from the other borate localities to be described below. As 
pointed out by WiNncHELL (15), the higher birefringence is the only 
optical property that, in a thin section, distinguishes brucite from 
leuchtenbergite. But the birefringence of leuchtenbergite may go as 
high as 0.015, which is practically the same value as the brucite has for 
lower wave lengths. However, the abnormal interference colours of. 
the brucite are characteristic. : 

Sjégruvan in Svardsjé Parisht, about 20 km NE of Falun, is 
a rather small iron mine that has been idle for about a decade. Accord- 
ing to the mine maps, the magnetite ore forms irregular lenses in a 
dolomitic limestone, which in turn is surrounded by leptite. The 
relations of the ore to the limestone indicate an origin by replacement 
(G. T. LINDROTH, mine map). On the dumps, leptite, limestone, and a 
little skarn are found, and there are still left some piles of hand-sorted 
ore. Also there is a little of a fine-grained, pink-coloured gneissic granite. 

The ore of Sjégruvan is a rather rich magnetite, generally mixed with 
serpentine. Remnants of ophicalcitic limestone are often enclosed, 
and part of the serpentine mixed with the magnetite is clearly what 
remains of such inclusions, the carbonate of which has been replaced by 


: ae are many mines with this name (»Lake Mine») in various parts of Central 
weden 
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ARVID KARLSSON foto. 


Fig. 1. Ludwigite pseudomorphs (mainly hematite, black) in limestone; Sjégruvan, 
Svardsj6. Microphoto., x 20, ord. light. 


magnetite. Mostly, the magnetite is rather fine-grained, but the grain 
size may go up to about 10 millimeters. It has a quite ordinary aspect. 
Less frequent, but still by no means rare, is a variety with a size of grain 
of a few millimeters, and with a most pronounced octahedral parting. 
This fact which makes the ore undistinguishable from that of Tall- 
gruvan, first caused the writer to look for borates in it. Under the 
microscope, there were found a number of iron-rich pseudomorphs of 
slender needles, which probably represent original ludwigite. Also, in 
one specimen, the magnetite was found to occur in two different ways: 
the comparatively large, isometric grains with octahedral parting, 
and smaller grains, often in the form of parallel short rods mixed with 
serpentine. It is highly probable that the latter type represents pseu- 
domorphs after thick-set prisms of iron-rich ludwigite. 

Definite proofs of the presence of the borate in this deposit were 
obtained from material representing a transitional zone between ore 
and limestone, in the form of limestone partly replaced by magnetite 
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(always with octahedral parting) and by streaks of ludwigite. The 
ludwigite is mostly altered, but fresh material is occasionally found. 
As at Tallgruvan, the ludwigite occurs both as bundles of thin fibers 
and as free prisms of greater thickness. The latter exhibit the same 
simple form, with an angle of about 60°, as those at Tallgruvan (fig. 1). 
The material in the pseudomorphs is mostly red hematite, but both 
brucite and serpentine may be combined with it. The minerals associ- 
ated with the ludwigite, beside the carbonate, are magnetite, serpentine, 
and tabular crystals of brucite. The brucite is also seen on the cleavage 
cracks of the magnetite, and sometimes distinctly replaces this mineral, 
starting from the cracks. Sometimes, pseudomorphs after ludwigite 
prisms are enclosed in magnetite. The original nature of the serpen- 
tinized grains can be determined only so far that they occasionally 
contain remnants of an orthorhombic mineral with a weak pleochroism 
in yellow, indicating humite (or possibly forsterite). 

There is also found at Sjégruvan a small quantity of skarn of unaltered 
forsterite and tremolite, and of diopside skarn, both with some mag- 
netite. Garnet is rare, and occurs only as lumps enclosed in diopside 
skarn. 


Stalbo is a small abandoned mine, situated 1 km SW of the © 


Ryllshyttan zinc and iron deposit in Garpenberg Parish, 45 km SE of 
Falun, and belonging to the same chain of skarn ore deposits as this 
mine. The small dumps contain magnetite ore with tremolite skarn, one 
pile of magnetite ore with serpentine, and some limestone. The mag- 
netite that occurs with serpentine, exhibits the characteristic octahedral 
parting. No unaltered ludwigite has been found in it, but a few pseudo- 
morphs that can be said with practical certainty to represent altered 
prisms of the borate. The associated minerals, beside the predominant 
magnetite, and carbonate remnants, are clinohumite, leuchtenbergite, 
and an unidentified mineral.? 

The Stabby and Maria mines belong to a chain of now not 
active mines in the parish of Sdéderby-Karl, about 75 km NNE of 
Stockholm. The last period of active mining in these parts was during 
the World War. 

The prevailing rock in the district is a gray, pronouncedly gneissic 
granite, belonging to the older Archean group. The leptites, with their 
intercalations of ore-bearing limestone, form a very narrow belt, 
traceable for a distance of 2.5 km in WNW—ESE, although probably 
in places interrupted by the granite. 

* This mineral is very near the clinohumite in refraction, birefringence, and size of 
(positive) optical axial angle. It forms slender stalks, with oblique extinction in certain 


sections, enclosed in the clinohumite. The optical properties do not 1 i 
but the habit is unusual for this mineral. f ead See: ee 
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Among the mines in this belt, Stabby is the only one where 
altered ludwigite has been found. According to the material visible 
m the dumps, the ore occurs in a medium-grained dolomite. There is 
uso a little leptite, some amphibolite and pegmatite on the dumps, 
mut no granite.? 

The ore occurs as irregular bands in the dolomite, evidently replacing 
t. The magnetite exhibits a fairly pronounced octahedral parting. The 
issociated minerals are forsterite (largely serpentinized), ludwigite, and 
srucite; some samples also contain much spinel. Skarn composed of 
orsterite and spinel, with a little magnetite, also occurs in the same 
way as the ore. Ludwigite, on the other hand, has not been observed in 
the most magnetite-poor associations. It is, thus, intimately associated 
with the magnetite, and seems to occur preferably on the margins of the 
sre bands. Its normal development is in prisms with a 60° angle, often 
ne or a few centimeters in length, and arranged almost parallel to each 
ther. It is generally preserved, but in some specimens it is completely 
ultered to a mixture of iron oxide minerals and small plates of brucite. 
Jecasionally, zine blende and a little pyrrhotite are encountered to- 
ether with forsterite, magnetite, and spinel. 

According to the textural relations of the minerals, ludwigite was the 
irst to form, and was followed in turn by forsterite, magnetite and 
spinel, and finally brucite. The brucite that has formed secondarily 
ufter ludwigite represents only a small fraction of the amount of this 
mineral. Most of it is developed as big plates that poikilitically enclose 
he other minerals, or in platy aggregates replacing the forsterite. The 
inc blende appears to be contemporaneous with the magnetite, or a 
ittle later. The textural relations between forsterite, magnetite, and 
pinel are illustrated by fig. 2. However, where there are larger grains 
yf spinel, a tendency to an isometric habit is evident. 

There is also at Stabby seen a quite small amount of a light-coloured 
liopside skarn (in part granular, in part radiating prisms) with a few 
mall grains of a humite mineral and sometimes much leuchtenbergite. 
Jecasionally there are noted microscopical grains of an orthite mineral 
vhich, to judge from their absorption colours and moderate bire- 
tingence, probably belong to a magnesian variety. A few lumps of 
grown garnet also occur. 

In the mines in the same belt to the west of the Stabby mine — among 
vhich the Anna and Broby mines are the only ones that have been 


1 There is no map available of this mine. The name Stabbygruvan is found on Torne- 
ohms regional map (14), and this identification has been corroborated verbally by H. 


SUNDHOLM, M. EH. ; 
2 The pegmatite in these parts is not connected with the local granite, but belongs 


o a later Archean stage. 
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ARVID Kartsson foto. 


Fig. 2. Forsterite, largely serpentinized, with magnetite (black) and spinel (dark gray); 
Stabby Mine, Séderby-Karl. Microphoto., x 20, ord. light. 


recently active — the proportion of skarn is much higher. The magnetite 
is associated with a skarn consisting mainly of tremolite, or, more 
rarely, a light-coloured diopside. Subordinated components, in both 
types, are humite minerals (both humite and clinchumite having been 
identified), and leuchtenbergite. The humite minerals may form lumps 
of a fist’s size, and are generally unaltered. Sometimes one finds a 
skarn made up entirely of small scales of leuchtenbergite. At the 
Broby mine, there is also much limestone on the dumps, indicating an 
incomplete replacement. At the same place, a large portion of the dumps 
is made up of granite, as might be expected from the mine map (H. 
SUNDHOLM) which indicates that part of the ore occurred as inclusions 
in the granite where, at the eastern end of the workings, the larger 
slab of ore-bearing rocks is broken up into smaller fragments. 

No borates have been identified at these mines. 

About 1 km ESE of the Stabby mine lies the Maria mine. Ac- 
cording to the dumps, the ore is associated with a fine-grained dolomite, 
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ARVID KARLSSON foto. 


Fig. 3. Magnetite (black) and szajbelyite (white); Maria Mine, Séderby-Karl. Micro- 
photo., x 20, ord. light. 


surrounded by leptite. The ore that is left on the dumps — which, 
obviously, does not represent the highest grade — is a fine-grained 
magnetite, without any noticeable octahedral parting and intimately 
mixed with a light-coloured, very finely scaly or felty gangue. When 
this gangue is gray with a very faint greenish tinge, it is found under 
the microscope to be made up of leuchtenbergite. When more whitish, 
the material is practically all szajbelyite, occurring in the 
same ways as at Tallgruvan. The szajbelyite is identified from the 
negative optical character of the elongation, the extreme refraction 
indices 1.575 and 1.650 (immersion method, white light), and a very 
strong reaction in the flame test for boron. There are also samples 
showing a mixture of leuchtenbergite and szajbelyite. The magnetite 
is sometimes developed as small parallel rods, mixed with serpentine 
and some szajbelyite. This texture, which is the same as described 
above from Sjégruvan, may indicate pseudomorphs after ludwigite. 
The ordinary magnetite is in part martitized, in an irregular pattern. 
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While there is, thus, some uncertainty regarding the one-time presence 
of ludwigite in the ore itself at the Maria mine, characteristic pseudo- 
morphs of prisms of this mineral, some millimeters in length, are found 
in the dolomite, where they are associated with scattered grains of 
magnetite, leuchtenbergite, and a wholly serpentinized mineral. 

Three kilometers east of the Maria mine, the Gasvik group of mines 
(Vaddé Parish) marks the eastern end of this ore-bearing belt. There, 


limestone is partly replaced by magnetite, accompanied by tremolite 


and by humite minerals, partly in the form of ophicalcite. No borates 
have been found there. — 

It is evident from the descriptions which have been given here that 
the ludwigite belongs to a most characteristic paragenesis. Ludwigite 
(and, at Tallgruvan, fluoborite) has been the first to form, followed by 
forsterite and humite minerals, and then by magnetite (and spinel). 
The latest group comprises brucite, leuchtenbergite, and szajbelyite. 
Of both brucite and leuchtenbergite it may be said that they are primary 

members of this mineral association, in the meaning that they, like 
~ those already enumerated, replace the carbonate rock. This, however, 
holds true only of their development as tabular crystals in the dolo- 
mite.1 Otherwise, they are alteration products, at least the brucite. 
Evidently, these two minerals represent a late stage in the mineralisa- 
tion process that started with the ludwigite. The szajbelyite offers a 
similar problem. Most of it occurs under such conditions that it is prob- 
ably an alteration product of some other borate (perhaps fluoborite and 
ludwigite), but the larger prisms may be primary. 

A most peculiar feature in this paragenesis is the octahedral parting 
of the magnetite. With the exception of the Maria ore, which is fine- 
grained, all the borate-bearing ores exhibit this parting. Otherwise, 
with one single exception that will be described in the following, this 
feature is not found in the skarn ores, although it is common — but less 
pronounced — in the porphyroblastic magnetite that has developed 
through metamorphism in other, dominantly hematitic ore types. 
The magnetite at Tallgruvan has been suspected by Rampour (13) to 
owe its well-developed parting either to a high manganese content, or 
to a martitization that was turned back into magnetite again. The 
manganese, however, is very low in these ores. As to martitization, the 
probability is, of course, very much reduced when it has now been found 


that the peculiar parting returns regularly just in this paragenesis. It 2 


has also been noted in ludwigite-bearing ores from Montana (2, p. 156) 


1 At Stabby, leuchtenbergite occurs also at idiomorphic plates i iopsi 
In the sulphide ores of Central Sweden. in which it is yron onsonnitie]. toe 
invariably idiomorphic towards the sulphides. 


often encountered, it seems to be 
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but appears to be lacking in the Banate magnetite, to judge from the 
specimens at the writer’s disposal. Truly, there is some martitization 
in the Maria ore, but it occurs quite irregularly, without any tendency 
towards an octahedral pattern. One could also think of the volume 
changes caused by the serpentinization of associated silicates, which 
might have set up strains in the magnetite crystals that were relieved 
in this way. But this interpretation is ruled out by the fact that the 
octahedral parting occurs also in ores without serpentine but is con- 
spicuously lacking in varieties that are rich in serpentine and do not 
contain borates. Another possibility, near at hand, is that the parting 
is caused by some isomorphous admixture in the magnetite lattice. To 
test this, magnetite from Sjégruvan (Svirdsj6) which exhibits the 
typical parting, was analyzed by Dr. A. Bya@psy, in the laboratory of 
the Geological Survey of Sweden. Since the purity of the material is of 
the greatest importance for the interpretation of the analytical results, 
the following data, communicated by Dr. Byapfn, are here quoted: 
Material picked out under a lens was crushed and passed through a 
sieve with 0.1 mm? mesh size, and grains of spec. gravity < 2.96 were 
removed by using acetylene tetrabromide. After repeated crushing, 
classifying, and magnetic separation under ether, microscopic investiga- 
tion still showed small amounts of impurities, mainly carbonate on part- 
ing cracks. Treatment with 20 per. cent. HCl at room temperature 
during 5 minutes caused a weak effervescence of CO, but caused only 
very little iron to go into solution. A control showed that the percentage 
of ferrous iron had not been diminished through oxidation during the 
fine grinding of the sample. The analytical results were: 
Magnetite, Sjogruvan (Svirdsj6), A. ByGpEn: 


Insol. in 20 % HCl (after ign.) .... 0.49 
tS 8 rce Aoi see Nae ees 0.06 
Ut a ys ae: 0.004 
TBD Be ale eee ee a 0.19 
eee eee a, || 08.07 
Pole dO 
PMSVOREEIM OR. cose! os. 0.18 
UE <i are 0.90 
CE TP ace ge cs. a te 0.10 
ft Ome Se os ee 0.17 
Cee ore, o aca, 0.03 

100.074 % 


The insoluble material gave: SiO, 0.13, Al,O, 0.23, Fe,0, 0.03, MgO 
0.08, MnO and CaO traces, sum 0.47 %. 
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The following oxides may be supposed to enter into the magnetite: 
Fe,0,, FeO, Al,O,, MnO and TiO,, entirely, and MgO in part. MgO is 
probably present as serpentine; possibly there is also a little brucite, 
although this mineral has not been identified in the sample. If MgO 
is detracted for serpentine (SiO,), the molecular proportion RO: R,O, 
becomes 0.4323: 0.4313. If, further, all H,O were present as brucite 
and the equivalent MgO detracted, this would leave 0.50 per cent 
MgO in the magnetite, and the RO figure would be reduced to 0.4238. 
Since, however, the RO: R,O, ratio is generally somewhat above 1, 
an equivalent figure is more probable, corresponding to 0.80 per cent 
MgO. The analysis, therefore, can be calculated thus: 


Meg oo unt loco. oe Pole ae 0.4294 
ALO sess. cite. oe toe ee 0.0019 R,0; 0.4318 
Rea GPE a ta, is 29.98 os 0.4090 
Magnetit 
ey MnO s+ 1 Uae Osteen 0.0025! RO 0.4313 
GO ooo tere yo Aneto ee 0.0198 
TOs: 2 2...) doe of 2 Ones 
Impurities =< </ia) 0-98 
100.074 % 


The only feature brought out by the analysis that can have any 
relation to the parting, is the MgO percentage. Unfortunately, the lack 
of a sufficient number of reliable magnetite analyses for comparison — 
excludes any conclusions on this point. The cause may, instead, lie 
in some component present in so insignificant amounts that it was not 
brought out by the analysis. 

Geological conclusions. The regular paragenetical rela- 
tions that have now been described show such complete analogies to 
the ludwigite-bearing mineral associations elsewhere as to make it 
evident that also the Swedish occurrences must be interpreted in the 
same way as the latter, that is, as products of contact metasomatism. 
As to the igneous mother rock, only the older granite group can be 
thought of. 

The deposits are few, however, and rather small. There is little doubt 
that careful search would result in the adding of a few more cases to the 
list, but this general type of skarn ore — high in magnesia and rather 
low in silica — is not common in the region, and the possible additions 
would not materially affect the quantitative aspect. 

Yet it is clear that the evidence carries much farther, inasmuch as 
the genetical conclusions cannot make halt just where the borates 
stop to occur. Among the examples now described, both Stalbo and 
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tabby-Maria are links in characteristic chains of ore deposits, 
placing portions of a continuous limestone or dolomite belt. Those 
posits that do not carry borates, are characterized mainly by such 
‘arn as tremolite and humite minerals. The nature of these gangue 
licates, and the fact that they are common associates of the 
mtact metasomatic sulphide ores of the region, form very 
rong reasons to regard these deposits as products of the same 
mtact action as the associated borate-bearing ores. The only 
fferences are the absence of boron and the higher silica (in some cases 
so more fluorine), and perhaps a little less magnesia. 

As the amount of borates varies in the deposits described, from the 
igh contents at Tallgruvan down to a few grains at Stalbo, one might 
cpect to find, as the next step, the »borate paragenesis» without any 
orates at all. One such case is known to the writer. In the text to the 
cently published map sheet Smedjebacken (8), HsELMQvIST mentions 
number of small iron mines or prospects (apparently nameless) NW 
the tarn Lilia Blakulltjairn, Norrbarke Parish, one of which has been 
und to contain forsterite. The ore and the skarn replace a limestone 
yer, the northern end of which is preserved. The writer has visited 
ie place in order to obtain material for comparison. The southern- 
ost prospects were found to contain magnetite associated with a 
‘arm of tremolite, with patches of serpentine. The northernmost 
-ospect, on the transition to the unreplaced limestone, shows a little 
agnetite with diopside, but most of the ore is a magnetite with octa- 
sdral parting, replacing the carbonate rock and accompanied only by 
nall quantities of chondrodite and leuchtenbergite (probably this is 
so the place where the forsterite was found). This is the only case 
10wn to the writer where magnetite with octahedral parting occurs 
_an ore of the skarn or limestone types without being accompanied 
y borates. 

How much further the genetical conclusions based on the borate 
wagenesis must be extended is a problem that cannot be satisfactorily 
eated without taking up the problem of the non-manganiferous skarn 
es in its whole extent. For the present it may suffice to point out 
vo ways of reasoning. 
In regions where ore deposits formed through contact metasomatism 
e very numerous, and many have been carefully studied, as in western 


1 As to the chain of ore bodies to which belongs Stalbo, this chain includes also the 
lishyttan mine, a considerable deposit of magnetite and zinc-lead ore. According to 
svious descriptions (7), the iron ores should belong genetically to the leptite formation, 
‘ile the sulphides are referred to the contact action of the granite. However, the results 
the writer’s studies which will be published elsewhere, do not support this conception 
an important age difference between the two associated kinds of ore at Ryllshyttan. 
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North America, those deposits that contain borates represent only 2 
very small fraction. The majority has a garnet-pyroxene skarn. This 
proportion indicates that, also in Central Sweden, most of the iron ores 
formed through contact metasomatism do not advertize this origin by 
containing such characteristic minerals as borates, but show a more 
commonplace mineral association. 

In the same way points also the evidence of the sulphide ores 
of Central Sweden. When occurring in limestone or dolomite — with or 
without the accompaniment of skarn silicates — these ores do not, as ¢ 
rule, indicate any addition of boron, although this element may some 
times be present in the associated siliceous ores in the form of tour 
maline. The absence of borates is made the more remarkable by the 
fact that many of the ore deposits in question are accompanied just by 
those silicates that are characteristic of ludwigite-bearing iron ores 
humite minerals, and leuchtenbergite. The only exception is supplied 
by the zinc ore of Dannemora which is only 22 km distant from the 
Stabby-Maria group, and genetically related to a similar type of granite 
(compare also the occurrence of zinc blende at Stabby!). At Dannemora: 
however, the boron mineral is not a borate, but axinite. 

One more point deserves attention. The fact that, at the Broby 
mine near Stabby, the granite brecciates the ore deposit, illustrates 
that such relations do not exclude that there exists a close genetical 
bond between the granite and the ore. This is known from contact 
metasomatic deposits elsewhere, but the importance of this fact has not 
been sufficiently realized when discussing the Swedish ores, althoug 
attention has been called to it (3). 

It is obvious, on the other hand, that the conclusions based on the 
borate-bearing ore deposits must not be extended too far. The fac 
remains that there exist in Central Sweden very numerous skarn o 
deposits, many of them of great importance, which must be interpretee 
as the metamorphic products of another, earlier mineralization. 

But so much is clear from the evidence of the borate-bearing ores 
that a correct genetical interpretation of the non-manganiferous skart 
iron ores of Central Sweden will never be attained, unless we realize 
that contributions from the older Archean granites, by way of contact 
metasomatism, have been a factor of real quantitative importance i 
the building up of this group of deposits. 


A ony sulphide ore represents a later introduction into the iron ore of this famous 
ie : : 
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Zur »Granitisationstheorie> nochmals. 


Schlusswort. 
Von 


H. G. BackLunp. 


(Manuskr. eingegangen */, 1938.) 


Auf alle Einzelkeiten der Kontroverse in der »Granitisationstheorie) 
nochmals einzugehen, wiirde heissen, allzu grosse Forderungen auf dic 
Geduld andrer Leser und auf die Raumverhiltnisse dieser Zeitschrift zu 
stellen. Doch will ich versuchen einige der Unstimmigkeiten gruppen 
weise zu behandeln. Ich muss dann voraussetzen, dass die von Mae 
NuUSSON sperrgedruckten Urteile zu den wichtigsten Feststellungen ge 
hoéren sollen. 

1. Magnusson sagt aus, die »Sérmlandgneise» seien kein »stratigra 
phischer Begriff», sondern nur auf gewisse Art umgewandelte Gesteine 
yund nichts weiteres» (1, S. 289), ebenso sei Upland kein stratigraphi 
scher Begriff, so wenig wie Bergslagen es sei, auch seien sie nicht 
»durch gianzlich verschiedene Bezeichnungen (auf der Norden-Karte) 
von einander abgetrennt» (1, 8. 290).1 Die schwedischen Svekofenniden 
teilt er ein in drei Gebiete, die »Adergneisgebiete» (im grossen ganzen 
meiner »Sérmlandserie» entsprechend), »Intrusionsgebiete» und »gut er- 
haltene Gebiete» (1, 8. 292), die dreien Tiefenzonen entsprechen sollen 
mit der ersten zuunterst, der letzten zuoberst und der zweiten als Uber 
gangszone (1, 8. 293). Dazu kommt (1, 8. 289), dass »Stratigraphisch 
héhere Teile (der »Leptitformation», also die sog. »Larsbo-Serie») die 
Sérmlandgneise beherrschen und dass gleichzeitig die Gneise — oder 
besser die Gneisfront —- unter das eigentliche Bergslagen, dessen Ge 
steimskomplex meines Erachtens nach unten in Adergneise iibergeht, 
untertauchen. Solche Adergneise tauchen auch NW von Gringesberg 
auf.» 

In menschlicher und geologischer Denkweise kann aus den vier 
gleichlaufenden Feststellungen bzw. Vermutungen »zuunterst», »nach 
unten», »untertauchen» und »auftauchen» nur der Schluss gezogen wer- 


1 Der betreffende Passus soll wohl ein Zitat von 5, S. 183, zuunterst, sein, doch is 
das Zitat wenig vollstindig und die letzte Verneinung Maacnussons bleibt vollstindig 
unverstindlich, wenn man das unmittelbar vorhergehende desselben Absatzes 
(5, 8. 183) liest. 
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len und den ich auch gezogen habe (4, 8S. 238), dass die Sérmlandserie 
las Liegende der Serie von Bergslagen bildet. Eine andre Deutung 
nuss voraussetzen, entweder dass die Sérmlandserie unter die von 
3ergslagen unterschoben ist (vgl. oben: »stratigraphisch héhere Teiley; 
der, vice versa), oder dass die (harmonisch-isoklinale) Faltung 
ler Serie von Bergslagen einen nahezu unbegrenzten »Tiefgang» ent- 
vickelt hat. Die erste Voraussetzung kann nicht dem Gang der Ent- 
vickelung entsprochen haben, da die feldgeologischen Verhiltnisse 
lergegen sprechen (4, 8. 239); die zweite ist ebenfalls ausgeschlossen, 
s sei denn, dass wir auf die (aktualistischen) Erfahrungen aus anderen, 
iingeren Gebirgen verzichten und die »Leptitformation» als primiire 
drstarrungskruste der Erde, also ohne eigentliche »Unterlage», bezeich- 
en wollen. 

Die voranstehende Auseinandersetzung betrifft den formalen Gegen- 
atz mit einer gemeinsamen Ausgangsplattform: die S6rmlandserie. Der 
nstrumentale Gegensatz kann folgendermassen skizziert werden. 

Sowohl Magnusson wie ich betrachten die »Leptitformation», die aus 
uprakrustalen Gesteinen aufgebaut ist, als eine mehr oder weniger fest- 
tehende stratigraphische Etage, ein stratigraphisches Niveau, Mac- 
YUSSON so ziemlich ohne jede Reservation, ich jedoch mit der Reserva- 
ion, dass wenn es sich um Oberflachenvulkanite allein handelt, ohne 
lirekt angeschlossene Hisenerze, das stratigraphische Niveau nicht mit 
wlzu grosser Sicherkeit als Korrelat feststehen kann, da laut Erfah- 
ungen aus jiingeren Gebirgsketten vulkanische Manifestationen sowohl 
wiederholt zum Abschluss des Evolutionsabschnitts hin, als auch zu 
yerschiedenen Phasen des Revolutionsabschnitts und ihrer Be- 
vegungen innerhalb derselben Geosynklinale auftreten kénnen (vgl. 4, 
3. 239). Dagegen diirfte, vorausgesetzt, dass es sich um denselben 
irosszyklus (= Faltengebirge) handelt, das Auftreten von mit den 
Leptiten» ungefahr gleichzeitig gebildeten Hisenerzen, innerhalb ihres 
Verbandes, mit einiger Sicherkeit gewihrleisten, dass es sich um kor- 
elate Horizonte oder Etagen handelt. Denn die Konvergenz der drei 
3edingungen fiir die Bildung derartiger Hisenerze, nimlich a) der 
damaligen) Tagesoberflichenniihe (Verlandung oder geringe Seicht- 
vasserbedeckung), b) des speziellen Klimas und c) der speziellen Biologie, 
liirfte sich innerhalb eines und desselben Grosszyklus, vor der endgiil- 
igen Heraushebung des Faltengebirges, kaum 6fter als einmal (d. h. 
nnerhalb eines bestimmten Zeitabschnitts, mit lokalen und temporalen 
<ulminationen) wiederholen. Insofern diirfte die »Leptitformation» die 
Zolle eines korrelierbaren stratigraphischen Niveaus spielen, natiirlich 
on ganz andrer Gréssenordnung als in palaeontologisch dokumentier- 
aren Schichtenfolgen. 
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Nun meint mein Opponent, die Sérmlandserie sei dieselbe Serie wie 
die von Bergslagen (»Leptitformation» + Urgranite) mit einem (neuer- 
dings angebrachten) Uberschuss ihrer stratigraphisch héchsthegende 
Glieder (der »Larsbo-Serie»), welche in gréssere Tiefen mit anschliessen- 
der Metamorphose versenkt worden sei, wodurch sie den Habitus de 
(granat-, cordierit-, sillimanit-, ev. graphitfiihrenden) Sormlandgneise 
aufgepriigt bekommen habe, Also geologisch schematisiert dargestellt 
fiir diesen Zeitabschnitt, mit Ausschluss des spiiteren Hingriffs der Spat- 
(Ser-)Granite (vgl. Schema in 4, 8. 235) wiirden die Ereignisse laut de 
Gegenpartei folgenden Verlauf gehabt haben: 


Sedimentation -———— 
Vulkanismus ———— 
| Hisenerzbildung— Faltung —— »Intrusion» der Urgranite , 


gemeinsame Phasen 


—),Versenkung in grosse Tiefen > Hebung in annahernd gleiches Niveau, 


Spezialphasen der »Sdrmlandserie 


—gemeinsame Phasen. 


Geologische Bedenken: a) Der Faltungsstil im Sormlandgebiet (5, 8. 
187, 188) ist ein ganz andrer als im Bergslagengebiet: die Kleinfaltung, 
unregelmassig in Anlage und Ausbildung, herrscht dort vor, wahren 
hier die grosswellige, isoklinale und ebenwellige Faltung den Stil be 
stimmt. Das erste Gebiet war leicht faltbar, das zweite bot den falten 
den Kriaften einen grésseren Widerstand entgegen. Das kann nu 
durch primare Faziesunterschiede der Sedimente selbst (nebst ihre 
gleichaltrigen Einschaltungen, die quantitativ an beiden Lokalen ein 
verschiedene Rolle gespielt haben miissen) erklart werden. b) Auch ei 
noch so grosser Zusatz von Sedimenten der »Larsboserie> kann de 
Faltungsstil nicht geindert haben, denn teils besteht diese zu grosse 
Teilen aus urspriinglich wenig faltbaren Quarziten und »Grauwacken» 
teils wird ihr Faltungsstil, wie die Karten und Beschreibungen lehre 
(im Falle der »Grythytte»- und »Saxa-Serie»), von ihrem miichtigen Lie 
genden (»Leptite») bestimmt, c) Hine allzu grosse Rolle diirften die Ge- 
steine der »Larsbo-Seriey nicht in dem Sérmlandgebiet spielen, denn si 
fiihrt angeblich keine Kisenerze (1, S. 288), wahrend wohl die Hisenerze 
Soérmlands (Kantorp etc.) die dussere Veranlassung einer stratigraphi 
schen Parallelisierung zur Serie von Bergslagen hin gegeben haben. d) 
Zu den Spezialphasen der Sérmlandserie kénnen keine plausiblen Ver 
anlassungen gefunden werden. 
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Mineralogische Bedenken: a) Eine formale Ubereinstimmung einiger 
Gesteinsgheder (ungleichmiissige Korngrisse?, Cordieritfithrung? u. s. w.) 
der Sérmlandserie mit gewissen Gesteinsgleidern der yLarsboseriey kann 
unmoglich als stratigraphisches Parallelisierungsprinzip benutzt werden. 
b) Das Auftreten von Hisenerzen in der Sérmlandserie (NB. in viel ge- 
ringerem Ausmasse als in Bergslagen!) kénnte nach Alternative 2 (4 
S. 238, zuunterst) erklart werden. 

Chemische Bedenken: a) Bereits friiher (4, S. 238) habe ich darauf 
hingewiesen, dass trotz der Anfiithrung von Niaeri-Diagrammen, oder 
gerade nach diesen Diagrammen, unbefangen interpretiert, die Haupt- 
gesteine der Serie von Bergslagen giinzlich verschiedener Zusammen- 
setzung und Amplitude gewesen sein miissen als die der Sérmlandserie.1 
b) Ein eingehenderes Studium der Diagramme Macnussons (ibid., 
Fig. 3 und 4) zeigt, dass die eigentlichen Sérmlandsgneise (Granat- 
eneise etc.) nicht aus emer Kombination von Urgneis + »Leptit» 
entstanden sein kénnen, auch Metasomatose im engeren Sinne kann 
hier nicht aushelfen, denn sie gibt (vgl. Diagramme!) Gesteine von 
andersartigen chemischen Typus; c) dieselben Diagramme zeigen eben- 
falls, dass sie auch meist nicht aus Schiefermaterial vom Typus 
Bergslagen herstammen kénnen; c) auch durch eine Beimengung von 
ansehnlichen Mengen von Sedimenten des »Larsbo»-Typus x, nach den 
zuginelichen chemischen Analysen (HJELMQvisT) zu urteilen, oder aus 
dem Gemisch »Leptit» + Urgranit + x (-- spez. Metasomatose) wiirde 
bei angeniherter Berechnung ein Gestein von einem Chemismus ent- 
stehen, das noch entfernter von den eigentlichen Granatgneisen Sérm- 
lands stehen wiirde als die spezielle Serie von Bergslagen; e) nach der 
Zahl der vorliegenden Analysen, nach den Kartenbliattern (auch nach 
Macnussons Specialkarte, |. c. Taf. 1) und nach den Erfahrungen eigener 
Begehungen scheint das x-Glied des gemischten Grundgebirges von 
Sérmland zu iiberwiegen (wir auch Hotmguist versucht hat diskret 
anzudeuten), und dieses Glied diirfte nur aus einem extremen Verwit- 
terungsprodukt, wie es nicht in einer hohen Flyschserie, sondern in 
der unteren Haupt-(Evolutions-)phase einer Geosynklinalbildung an- 
sesammelt wird, also ein urspriingliches Tonsediment reprasentieren. 


2 


1 Vgl. H. N. Maanusson, Berggrunden inom Kantorps malmtrakt. S. G. U. Ser. C. 
No 401, S. 42 ff. Fig. 2. Ergiinzend mag zitiert werden, dass ausser entgegengesetzten 
Max. u. Min. die Schnittpunkte der »Kurven» der Sérmlandserie (I) und der Serie von 
Bergslagen (IL) folgende Koordinaten zeigen: 


zJSi . . .| 650 503 340 338 311/305 301 285 — —| 447 339 | 523 523 339 

1% | 92 29 20 20 23) 40 35 40 — —, 13 20] 14 12 20 
alk/fm al/fm c/fm alk/c 

Si ...| — — = = 312/290 288 276 268 190/645 623) — — — 

| 9 eee mereds 99h ag: 4039.37 42| 3° 3) Se SS 


Gréssere Gegensitze kann man sich kaum wiinschen. 
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Sowohl formal wie instrumental diirfte also die Sérmlandserie in 
ihren gréssten Anteilen, mit aktualistischen Arbeitsmethoden durch 
leuchtet, eine (oft gesuchte) Unterlage der »Leptitformation» sein. Das 
schliesst aber nicht aus, das ihr Teile der »Leptitformation» aufgelagert 
haben und in sie eingefaltet worden sind. Ich habe hier eine urspriing 
liche Sedimentationsliicke, teils aus andren Griinden, ventiliert (4, 
239), doch ohne eine Entscheidung zu finden, was ja eigentlich nicht z 
verwundern ist. Eines muss jedoch kriaftig unterstrichen werden: die 
Michtigkeit einer vulkanischen »Leptitformationy kann in 
keinem Falle, wie das im Gegenteil bei den Sedimenten oft zutrifft, als 
relativer Masstab einer Zeitdauer ausgenutzt werden. Ebenso kann die 
Bildung von einem Eisenerzlager in einem solchen Milieu eine, wie u. a 
Fenner gezeigt hat, im geologischen Sinne kurze Angelegenheit sein 
— Die Beobachtungen meines Opponenten betreffs »untertauchen» und 
»yauftaucheny (vgl. S. 1) diirften also vollkommen richtig sein und nor 
male Verhaltnisse abspiegeln; die Spezialphasen (vgl. oben) der Sérm 
landserie diirften daher als iiberfliissig gestrichen werden, wenigstens in 
dem Umfang wie sie, wenn die Auffassung von Magnusson zum Recht 
bestiinde, sich abgespielt haben miissten. 

Die neue kartographische Darstellung meines Opponenten (1, Fig. 1), 
die strittigen Gebiete Mittelschwedens in seiner Auffassung umfassend 
ist insofern von grossem Interesse, da sie die stabilen, metastabilen und 
labilen Abteile der westlichen Svekofenniden zum Ausdruck bringt 
Diese sind jedoch eine Funktion des geologischen Baues, indem sie ein 
friih verfestigtes, von Anfang an wegen der Beschaffenheit und Machtig 
keit der Suprakrustalgesteine (Vulkanite grosser Machtigkeit im Gebiet 
von Bergslagen, Vulkanite geringerer Machtigkeit + schwerer faltbare, 
michtige x-Sedimente im Gebiet von Upsala) weniger faltbares Gebiet 
von einem spat verfestigten abtrennt, in dem die leicht faltbaren (Ton-) 
Sedimente erst bei der zweiten Faltungsphase totgefaltet (vgl. Schema 
Fig. 2 in 4, 8. 235) wurden. Naturgemiiss bildet sich zwischen beiden 
eine metastabile Zone (= 2: »Intrusionsgebiety) MacNnussons) mit loka 
len Aufschiebungen nach Norden hin (vgl. 4, S. 238) und mit Heraus 
hebung des labilen Anteils (= Sérmlandgebiet)!. Den metastabilen 
Charakter hat diese Medianzone bis in gotokarelidischen Zeiten beibe- 
halten (jotnische Sandsteinfiillungen mit »subjotnischen» Effusivge- 
steinen im Malargebiet). Die Marginalzone der Karte (= ebenfalls 2. 
»Intrusionsgebiet») bezeichnet den metastabilen Rand des Grenzgebietes 
zu den Gotokareliden hin und diirfte vielleicht etwas anderer (spaterer?) 


: 1 Das diskordante Abschneiden (1, S. 289) an der Grenzzone zweier verschieden sta- 
bilen Massen. ist eine typische Erscheinung in Granitisationsgebieten, wurde von WEG- 
MANN diskutiert und von mir (3, S. 324) fliichtig beriihrt, hat aber nichts mit Epeiro- 
genesis zu tun (1, 8. 293); tiber diesen Begriff vgl. SrrnuEs »Grundfragen>. 


Bd 61. H. 1.] zur »GRANITISATIONSTHEORIE> NOCHMALS. 39 


Entstehung sein. In Anbetracht dieser Umstiinde habe ich den Stock- 
holmgranit (mit dem Fellingsbrogranit u. einigen andern), entgegen der 
Auffassung der Norden-Karte, nicht mit dem chemisch recht ahnlichen, 
doch texturell abweichenden Sergranit (= Hangégranit, Spitgranit des 
Sérmlandgebiets = Granit der perfekten Adergneise) zusammengestellt, 
da Adergneisbildung und gesammelte Intrusion Exponenten verschie- 
dener PTX-Bedingungen sind, also nicht gleichzeitig an demselben Ort 
in Erscheinung treten kénnen (vgl. 4, s. 257—58). Ich stehe hierin 
nicht allein, die Literatur anzufiihren wiirde Weitlaufigkeiten geben. 
Das stabile Feld der Karte (= 3. »Gut erhaltene Gebietey Macnus- 
SONS) umfasst zwei wesentlich verschiedene Gebiete: ein dstliches, das 
fast ganz von Tiefengraniten beherrscht wird, mit wenigen Resten einer 
(gemischten) »Leptitformatiom), und in dieser lokale Eisenerze; und ein 
westliches, in dem die »Leptitformation) mit reichlichen Hisenerzen eine 
sehr bedeutende Rolle spielt, ja, zonenweise iiber den im grossen Gan- 
zen mit dem Hauptgestein des Ostens gleichaltrigen, doch chemisch 
hie und da etwas differenten »Urgranit» vorherrscht. Diese Granite sind 
wesentlich jiinger als die jiingsten Sedimentbildungen (Larsbo- resp. 
Grythytteserie, z. T. auch extreme Verwitterungsbildungen der vulkani- 
tischen Leptite), da diese eine Absenkung und Faltung erlitten haben, 
bevor sie von den Graniten intrudiert und die Faltung verschiarft 
wurde. Also durchaus nicht mit den Vulkaniten der »Leptitformation) 
sleichaltrig. Das verschiedene Verhalten der Granite hier und dort 
kann nur erklirt werden dadurch, a) dass die Granite im Osten ein 
tieferes Intrusionsniveau zeigen; b) dass das Intrusionsmilieu, was den 
arspriinglichen vorexistierenden Sedimentbestand betrifft, ein anderes 
gewesen ist, oder, c) dass die Intrusionswirme des Granits im Osten 
héher gewesen ist. Alle drei Voraussetzungen, die sich nicht gegenseitig 
ausschliessen, sondern sich nahezu gegenseitig bedingen, geben ein- 
deutig an, dass es sich im Osten nur um eine Unterlage, und zwar eine 
direkte der Leptitformation im Westen handelt, ohne dass, wie es im 
Falle der Sérmlandserie als wahrscheinlich dargestellt wurde, eine 
Sedimentationsliicke zwischen dem Osten (= Liegendes) und Westen 
(— Hangendes) postuliert werden braucht. Nun kommt mein Opponent 
endlich zu aihnlichen Resultaten, indem er (1, S. 305) neue Gesteins- 
sruppen im unteren Upsalagebiet eintreten lasst, »die im eigentlichen 
Bergslagen nicht auftreteny und dann auch (1, 8. 307) entdeckt, dass die 
yLeptitformation» eine Suprakrustalbildung ist, also »muss sie einen 
Boden besessen haben». Und dieses nachdem ich in einem ganzen 


1 Die Restsedimente des Upsalagebiets wie auch die »Leptitformation» von Bergslagen 
sind, trotz der Meinung »mehrerer Forscher» (1, S. 315), vorourgranitisch» gefaltet worden, 
wie Versuche von Regelungsuntersuchungen innerhalb des Upsalagebiets gezeigt haben. 
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Kapitel (4, 8. 231—245) fast ausschliesslich von den Unterlagen, dem 
»Boden» der »Leptitformation» gesprochen habe. Und zwar muss dieser 
»Boden» im Upsalagebiet aus michtigen, rel. kalkhaltigen Sedimenten 
mit rel. geringfiigigen hangenden Gliedern der »Leptitformation» be 
standen haben, weil a) sie a priori weniger faltbar waren; b) dié 
chemischen Variationskurven (4, Fig. 3—10; vgl. auch 3, 8. 337—39) 
einen Ausdruck hiervon geben, und c) das Variationsdiagramm Mac- 
Nussons (1, Fig. 9) ein schonstes Zeugnis hiervon ablegt. Der Kontrast 
der Upsala-Unterlage gegeniiber den Gesteinen von Bergslagen, nach 
Subtraktion ihrer Vulkanite, ist nicht allzu gross, wie die Variations- 
breite der »Urgranite» hier und dort, d. h. ihrer Granitisationsprodukte 
und ihr Diagramm zeigt, und wie von mir betont wurde, da auch hier 
Kalksteine rel. zahlreich sind. 

Mein Opponent hat also die Méglichkeit einer geologisch-stratigra 
phischen Dreiteilung des schwedischen Anteils der Svekofenniden nicht 
nur nicht widerlegt, sondern im Gegenteil weitere Stiitzen hierfiir ans 
Tageslicht geschafft. Seine Dreiteilung ist eine Konsequenz der meini 
gen, was stark fiir ihre Realitat spricht. 

Obgleich die zahlreichen iibrigen EHinwinde hauptsichlich auf radi 
kalen Missverstandnissen beruhen — sie sollen am Schluss kurz gestreift 
werden —, so soll doch hier noch kurz auf den gesperrten Schlussabsatz 
(1, S. 315) eingegangen werden. 

Mein Opponent sagt aus: »Durch Assimilation von Material konnte 
die Zusammensetzung zwar modifiziert, aber nicht grundwesentlich ver- 
aindert werden. Dies ist der grosse Unterschied zwischen meiner Auf 
fassung und der BackLuNDs. — Wie oben hervorgehoben wurde, er- 
halt man ein ganz anderes Bild von der spitsvionischen Adergneisbil- 
dung. (gesperrt:) Der Fehler, den BacktunpD meines Erachtens betreffs 
der Urgranite begeht, ist, dass er die Erfahrungen von den palingenen 
Zonen in Sédermanland und dem siidwestlichen Finnland allzu streng 
auf die Urgranite tibertrigt, indem er sie als genetisch iibereinstimmende 
Bildungen betrachtet». 

Ebensowenig wie ich von der »heutigen Tektonik» (1, 8. 315 oben) aus- 
gegangen bin, um die Mise-en-place der »Urgranite» zu erméglichen (vel. 
4, Schema Fig. 2 nebst Erliuterungen 8. 235—36), so wenig habe ich 
mit »Assimilation von Material» im petrologischen Sinne gearbeitet, um 
zu den »Urgraniten» zu kommen. Im Gegenteil, das Literatur- und Feld- 
studium hat mich zur Uberzeugung gefiihrt, dass eine Assimilation im 
petrologischen Sinn itiber Grossgebiete nicht stattgefunden haben kann, 
deshalb habe ich durchweg den Ausdruck »Granitisation)» benutzt, um 
nicht das Instrumentale mit der Benennung zu verquicken und ohne 
Riicksicht darauf, dass in gewissen Fallen syenitische und dioritische 
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Gesteine entstehen kénnen. Ich habe sogar vorsichtig in einer Fussnote 
(4, S. 234, auch 5, 8. 191) den Ausdruck »Rheomorphose» und »Rheo- 
morphite» vorgeschlagen, um damit Missverstiindnisse betreffs Assi- 
milation zu vermeiden. Dem Ausdruck »granitischer Saft» (1, 8. 288) 
habe ich die Bezeichnung »Emanation» als neutral vorgezogen, da es 
sich weder um granitische Zusammensetzung noch um »saftige» Be- 
schaffenheit des Zuschusses handelt, wie ich zahlenmiissig wiederholt 
(3, 8. 322, Tabelle II; 8. 326, Tabelle VI) fiir extreme Fille nachge- 
wiesen habe. Wenn Macgnusson zum Schluss ein Gleichheitszeichen 
zwischen petrologische Assimilation und Granitisation in meiner Auf- 
fassung setzt (die Differenz ist besonders gross in den raumlichen Be- 
dingungen!), so geht er damit seine eignen Wege, die nicht zur Ver- 
stiindigung fiihren kénnen. Verlegt er aber, wie es aus dem ersten 
Diskussionsbeitrag (2, Fig. 4, S. 546) hervorgeht, die Bildung der »Ur- 
granite» in gréssere Tiefen (allerdings versucht er wieder neuerdings, 
nach der neuen Publikation HsEtmevists!, diese Tiefe bedeutend zu 
modifizieren, indem er die Migmatitbildung bis nahe an die stratigra- 
phisch héchste »Larsboserie» steigen lasst; bei HsELMavist kann es sich 
weder um »Differentialanatexis», noch um Aufschmelzung im petrolo- 
gischen Sinne handeln) und kénnte er im iibrigen ihnen eine den Spiat- 
graniten (= »echten» Migmatiten = Sergraniten = Hangdgraniten) 
analoge Entstehung zuerkennen, so wire eine weitere Prinzipien- 
diskussion iiberfliissig. Jedenfalls ist das Homogenisierungsproblem z. 
B. der Hangégranite an der Ostseite des Orijairvi-Gebiets weit grésser als 
in vielen Fallen das der »Urgranite» gegeniiber gewissen Sedimenten. 
Fehlerhaft ist es allerdings, einen durch lokale PTX-Verhiltnisse be- 
dingten Spezialfall oder Etappe, nimlich die Adergneisbildung (vgl. 5, 
S. 199), als Prototypus des ganzen Prozesses der Migmatitbildung (oder 
Granitisierung) aufzustellen, und daraus allgemeine Schliisse auf ganz- 
lich verschiedene Entstehung zu ziehen. Falsch ist es auch zu behaup- 
ten, ich hatte die Prim-(»Ur-»)granite und Ser-(Migmatit-, Spat-)- 
eranite als genetisch iibereinstimmende Bildungen bezeichnet, denn 
ich habe ihnen von jeher und wiederholt verschiedene PTX- 
Bedingungen der Bildung zugeschrieben, welche ja am radikalsten ihren 
Werdegang beeinflusst haben diirften. Vdllig fehlerhaft ist es schliess- 
lich, zu behaupten, ich hitte die Erfahrungen »von Sédermanland und 
dem siidwestlichen Finnland» zu streng tibertragen; denn ich habe meine 
Erfahrungen zum Prozess der Granitisierung unabhiingig aus dreidimen- 
sionalen Feldstudien iiber das Verhalten von Prim- und Sergraniten zu 
einander und zu dem gemischten Sedimentirbestand des Grundgebirges 


1§,. Hsetmgvist: Uber Sedimentgesteine in der Leptitformation Mittelschwedens, 
die sogenannte »Larsboserie». S. G. U. Ser. C. No 413 (1938). 
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(in Ostgrénland) geschdpft, und dann meine Erfahrungen an den zwei- 
dimensionalen Vorkommen und Felsentbléssungen Fennoskandias, spez. 
Schwedens ausserhalb der von Magnusson genannten Gebiete 
im Felde und mit Leitung vorliegender Spezialliteratur nachgepriift. 

2. Mein Opponent fiihrt eine Reihe von Namen bedeutender For- 
scher an, die vor mir zu wichtigen Resultaten, mit den von mir ange- 
deuteten gleichlaufend, ihnlich oder abweichend, innerhalb der geolo- 
gischen Erforschung Fennoskandias gekommen sind. Diese Anfiihrun- 
gen kénnen den Anschein erwecken, als hitte ich versiumt, Vorganger 
oder Kollegen auf dem gemeinsamen Arbeitsfeld gebiihrend zu beachten. 
Ich habe 180 Arbeiten in drei ungefaihr gleichlaufenden Aufsatzen ein- 
malig angefiihrt, dazu etwa 30 gemeinsam in zweien der Aufsiatze. 
Schliesslich sind etwa 70 Arbeiten in einer gleichlaufenden, etwas spate 
gedruckten vierten Publikation angefiihrt worden.t Wenn etwa weitere 
Beitrige, die ev. mit dem in diesen Arbeiten behandelten Problem- 
komplex in Kontakt stehen, nicht angefiihrt worden sind, so beruht 
das nicht darauf, dass ich sie nicht konsultiert haben sollte, sondern 
weil die Liste der Zitate nun mal abgeschlossen werden muss, um das 
Druckkonto nicht allzusehr zu belasten. Gegen einen Ausspruch Mae- 
Nussons mochte ich doch meinen EKinwand erheben; ich habe nie die 
Ehre gehabt ein Schiiler SeDERHOLMs gewesen zu sein, denn ich habe, 
ausser in vielen international betonten Exkursionen, nicht das Vergnii- 
gen und die Ehre gehabt, weder mit ihm in intimeren Spezialexkursionen 
mit Demonstrationszwecken die von ihm behandelten Problemkomplexe 
zu diskutieren, noch unter ihm oder im Einverstand mit ihm, etwaige 
Feld- oder Laboratoriumsarbeiten auszufiihren. Die Definition einer 
Schiilerstellung ist ja allerdings recht wage; dass wir von Vorgingern 
Ideenginge iibernehmen, entwickeln und im positiven Sinn kritisch 
sichten, ist wohl in der Welt der Wissenschaft die Regel, braucht abe 
nicht ein Kriterium der speziellen Schiilerstellung zu sein. Die tiefe und 
universale Bedeutung des bahnbrechenden Ideenganges SEDERHOLMS 
kam mir erst 1929 an dem Feldbeispiel NO-Grénlands zum vollen Be- 
wusstsein, wobei ich nicht versiumt habe seine Urheberschaft imme 
und immer wieder hervorzuheben. 

Hs ist nicht richtig, den Ideengang der Hypothese von einer Auf- 
schmelzung der Unterkruste als einen direkten Vorliufer der »Granitisa- 
tionstheorie» darzustellen (1, 8. 286). Diese Hypothese wurde formal 
friih aufgegeben, da sich an sie uniiberwindbare Schwierigkeiten der 
Vorstellung iiber die dienstbaren Wirmevorriite und Temperatur- 
grade, die wechselnde Beschaffenheit der Unterkruste und die Raum 


1H. G. BackiunD: The problems of the Rapakiyi granites. J. 
1938. S. 339—396. “Saipan Sranites.—J quae ae 
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verhiltnisse vor und nach der Aufschmelzung kniipften. Zumal wurde 
stillschweigend angenommen, aber auch oft laut ausgesprochen, es 
handle sich um einzige Geschehnisse des Archiikums, ganz verschieden 
von denen in spiteren Zeiten, weil die einstige Erstarrungskruste sich 
noch in nahezu unmittelbarer Reichweite befiinde, dass also Beobach- 
tungen aus jiingeren Gebirgen oder Teilen der Erdkruste zum Vergleich 
nicht herangezogen werden kénnten. Als dann aber erkannt wurde, 
dass ahnliche oder identische Produkte in jiingeren Gebirgsketten auf- 
treten und sogar in relativ hoher stratigraphischer Position innerhalb 
normaler und dem Alter nach fixierbarer Sedimente anzutreffen sind, 
die »Aufschmelzprodukte» jedoch chemisch nicht unmittelbar aus 
ihrer niheren oder ferneren Umgebung abgeleitet werden konnten, so 
musste die Aufschmelzhypothese aufgegeben werden. Fiir das Altere 
Praekambrium musste ihr die Giltigkeit endgiiltig abgesprochen werden, 
wenn man in ihm oder in seinen verschiedenen Teilen nicht nur die 
Spuren, sondern sogar die volle Entwicklung des Werdeganges eines 
Faltengebirges, mit seinen Evolutions- und Revolutionsphasen, ver- 
folgen will und kann. Denn auch dann kommen die mutmasslichen 
»Aufschmelzprodukte» rel. hoch in der Serie der urspriinglichen. Supra- 
krustalgesteine zu liegen. 

Ks ist ein Irrtum, dass es recht unndtig sein diirfte, vor schwedischen 
Geologen — es wire denn vor den wenigen Anhingern der magmatischen 
Theorie — zu betonen, dass wir bei unserer Arbeit von aktualistischen 
Anschauungen ausgehen miissen» (1, 8. 287). Denn hatte ich Schwe- 
disch geschrieben, wiirde ich es vielleicht nicht erwahnt haben, obgleich 
auch hier die Begriffe des Aktualismus oft recht verschwommen sind 
(vgl. oben). Nun schrieb ich aber Deutsch, teils weil der Hauptteil der 
Diskussionen, Berechnungen und Diagramme Fragen beriiht, in denen 
die Diskrepanz zwischen Theorie und Praxis, ja sogar zwischen Labora- 
torium und Feldbefund taglich immer stirker wird und die Entwicklung 
einer auf fennoskandischen Gebiet entstandenen Hypothese vielver- 
sprechend und bedeutungsvoll erschien; teils weil noch immer die 
Meinung weitverbreitet ist, das Aktualitiétsprinzip habe keine Anwen- 
dung auf das Praekambrium — sogar in dem vortrefflichen Buch von 
Bucuer’, das eigentlich zu dem Handapparat eines jeden Geologen ge- 
héren sollte, wird diese Meinung ausgesprochen. 

3. Es ist wahr, dass mein Opponent schon friiher ahnliche, an Sn- 
DERHOLM anschliessende Gedankenginge betreffs des Werdeganges der 
svionischen Spiitgranite ausgesprochen hat und sie jetzt mit einigem 
Nachdrack wiederholt (1, S. 288). Doch da er noch immer von »gran1- 
tischen Saften» und von »Durchsaftung» spricht, so ist sein Gedanken- 


1 W. H. Bucuer: The deformation of the Earth’s crust. Princeton 1933. 
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gang abweichend von dem meinigen (vgl. oben), auch darin, dass er ers 
jetzt zugibt, dass der Vorgang, »wenn man so will, natiirlich eine Grani- 
tisationy genannt werden kann, deren Gefolgeerscheinungen in gewisse 

Fallen, wie wiederholt betont, eine Pegmatitbildung ist. Hs ist viel- 
leicht gerade die Folge dieser Differenz, dass die Opposition so scharf ist 
wenn es sich um die Ausdehnung meiner Konzeption auf die Bildung der 
Prim-(»Ury-)granite handelt. Leider lisst sie durchblicken, ich hatte die 
Neigung, Feldbeobachtungen und andre Untersuchungen vieler Jahr 
als wertlos zu stempeln. Gerade das Gegenteil ist der Fall, denn es 
handelt sich um Interpretationen mit weitgehender Ausniitzung dank 
barst bereitgestellter neuer Daten. Und dass die Interpretation bei 
Macnusson weder einheitlich noch feststehend ist, lauft wie ein rote 
Faden durch seine beiden Diskussionsbeitrage. Ich finde z. B., un 

wahrscheinlich viele unvoreingenommene Leser mit mir, dass seine neue 

Diagramme Fig. 2—8. einen ausgezeichneten Beitrag liefern zur Be 
leuchtung der in Etappen vorschreitenden Homogenisierungsarbeit der 
successiven Granitisationen. Schon die Bildung der vulkanitischen 
»Leptite» zeigt einen Ansatz in diese Richtung — ich habe jedoch wieder 
holt unterstrichen, dass die schwierige Frage der Genesis saurer (kiesel 
sdurereicher) Effusivgesteine, speziell der vulkanitischen »Leptite» 
durchaus noch nicht reif ist, bei dem jetzigen Stand unsres Wissens un 
Uberblicks erschépfend diskutiert zu werden. — Die Friih-(»Ur- 
granite zeigen ihn schon ganz entschieden; ganz ausgesprochen und bel- 
nahe extrem die Ser-(Spat-)granite. Es kann sogar aus den Diagramme 
mit recht grosser Sicherkeit qualitativ und nahezu quantitativ heraus- 
gelesen werden, welche stofflichen Gruppen zu der Schar der Immigra 
tionselemente (Fig. 2, 3?, 5, 62), welche zu der der Emigration (Fig. 3, 7) 
gehéren, wobei im letzten Falle auch ein angenihertes Bild der speziel- 
len, von EsxoLa, GrtsER, Macnusson so vortrefflich beschriebenen 
»Metasomatose» erhalten wird. Ferner kénnten diese Diagramme, wen 

dicht genug belegt, Aufschliisse dariiber geben, ob es sich in einer be 
stimmten Serie (z. B. der Sérmlandserie) um ihre Ser-(Spit-)-granit 

oder um ev. spitere Fremdgranite handelt (Fig. 9, 10). Da die Ser 
(Spat-)granite nicht eigentliche magmatische Differentiationsprodukt 

im petrologischen Sinn sind, also die Konstruktion von »Differentia 
tionskurven» als solche illusorisch ist, so legt es ein Vergleich der ver 
schiedener Diagramme und Mittelkurven nahe, dass es sich im Falle de 
Prim-(»Ur-»)granite auch nicht gut um solche Produkte handeln kann: 
Dann kann aber die fein- bis aplitisch-kérnige, natronreiche Rand 
faziesbildung einiger sowohl Prim- als Sergranite (1, 8. 306, 308, 309) 


1 Die Nicett-Koordinaten dieser Gesteine fallen innerhalb der Raume, di jeh 
Schwierigkeiten zur Aufstellung von »Differentiationsreiheny bereitet hae oh a 
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sbenfalls weder ein Assimilationsprodukt des Nebengesteins sein, denn 
ie tritt ja, wie wiederholt hervorgehoben, zum Kontakt sowohl von 
Na- wie von K-»Leptiten» hin auf; noch kann sie ein Differentiations- 
produkt sein, denn liquide Differentiation ist wegen Position und Che- 
mismus ausgeschlossen, Kristallisationsdifferentiation, auch unter Mit- 
hilfe von Wasserdimpfen oder anderen fliichtigen Bestandteilen, ent- 
spricht nicht den texturellen und mineralogischen Befunden.: Alles 
lieses wurde bereits besprochen (5, 8. 192) und der neutrale Weg zur 
Klirung angedeutet. Es darf aber in diesem Zusammenhange nicht 
vergessen werden, dass es gerade H. KE. Jonanssons grosses Verdienst ist, 
Zezeigt zu haben, dass die Differentiationshypothese betreffs der Genese 
ler granitischen Tiefen- und Ergussgesteine des fennoskandischen 
Archiikums keine konsequente Anwendung finden kann. Einen 
consequenten Ausweg scheint jedoch bis auf weiteres ein Verstiindnis 
‘tir den Granitisationsakt zu bieten. 


4. Betreffs der Missverstindnisse will ich versuchen, mich kurz zu 
fassen. Mein Opponent meint erneut und wiederholt (1, 8. 286, 311; 
vgl. auch 2, 8. 525), ich hatte im Anfang den Granitisationen nur in - 
31 t u-Berechtigung zugesprochen und erst in dem letzten Beitrag eine, 
wenn auch bescheidene, Mobilisation (5, 8. 189) zugelassen. Ich kon- 
statiere dagegen dass ich von Anfang an zwei extrem-monomineralische 
Palle (Quarzit und Kalkstein) behandelt habe (3, 8. 323—325, 338— 
343), gerade um die entstehenden Volumenverhiltnisse, und damit auch 
lie extremen Mobilisationen, zu unterstreichen; die Mobilisation der 
sranitisierten gemischten Sedimente erreicht natiirlich intermediare 
Werte. Ich habe vielleicht den Mobilitaétsgrad der granitisierten reinen 
[onsedimente etwas zu unbestimmt gefasst, da ich ihr urspriingliches 
Porosititsvolumen etwas iiberschatzt, ihren Gehalt an Fliichtigem etwas 
interschitzt habe. Auch ist fehlerhalt zu vermuten, dass ich »eine 
igentliche Versetzung der auf diese Art gebildeten Granitmasse» nicht 
tulassen wolle, weil sie dann konform den »Intrusionen der altereren 
ron ihm (mir) verworfenen Auffassung» sein wiirden. Es handelt sich 
tuber, wie wiederholt betont, um die Art der Bildung und um Raum- 
ragen, denn die »alteren Auffassung» beschiiftigt sich kaum hiermit. 
Sie konstruiert frisch in der Tiefe sekundire Magmaherde (1, 8. 308), 
leren Zahl bei Spezialisierung der Untersuchung stets grosser wird, und 
leren Dimensionen doch Raum geben sollen fiir langdauernde und ex- 
reme Differentiationen, fiir welche weder die postulierten Tempera- 
uren, noch die gewiinschten Gasgehilter, wohlgemerkt in Fallen der 


1 Maanvusson spricht neurdings von einer friihen Entgasung der »Urgranite» (1, 8. 309). 
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eranitischen Zusammensetzungen, giinstig erscheinen. — Kigentiimlich 
ist, dass Magnusson behauptet, ich habe erst spit eine Mobilisation zu 
gelassen, wihrend die Raumfrage von Anfang an fiir mich von Bedeu- 
tung gewesen sei: sie hingen doch so innig zusammen; auch im Falle der 
Diskussion tiber die Genesis der Rapakivigesteine hat man mir vorge 
worfen, ich habe erst spit die Raumfrage vorgeschoben. 

Mein Opponent driickt seine Missbilligung aus, dass ich Weama 
als Stiitze zitiere fiir meine »generelle Granitisationstheorie» (1, 8. 286 
— hier ist in-situ falsch —. Weomann hat als erster 
versucht, eine sinngemisse Deutung des Prozesses der Granitisation 
unabhingig von der Stellung als Prim- oder Sergranite, zu geben und 
muss deshalb bei allen einschlagigen Untersuchungen zitiert werden. 

Mein Opponent bezeichnet meine Aussage, die Gesteine, in denen die 
Kalksteine und Hisenerze von Sérmland stecken, seien »sedimentogene 
Metamorphite», als falsch (1, 8. 288). Das Zitat (wohl 5, S. 185) ist sinn 
stérend, weil aus dem Zusammenhang gerissen, denn anderswo (z. B. 
1, S. 183) gehe ich wiederholt auf den Bestand der Gesteine ein (vgl. 
oben). 

Mein Opponent kann nicht den Granitisationsakt als in Bedeutung 
ungefahr dem Evolutionsprinzip gleichlaufend anerkennen (1, 8. 288). 
Der Akt kniipft doch unmittelbar an das letztere an und bedingt es 
sozusagen, wie mein Opponent an andrer Stelle (1, 8. 311) andeutet; und 
die Idee des Kreislaufs grosserer oder kleinerer Linge in der Geologie, 
die Grundbedingung des Evolutionsprinzips, fusst ja auf Aktualitaiten 

Mein Opponent beanstandet (1, 8. 293) meine Diskussion des Fehlens 
der Pegmatite im Zusammenhang mit der Bildung der Prim-(»Ur-» 
granite: dass bei dem Erstaufstieg die Emanationen »hauptsichlich auf 
Alkalienarme oder verarmte Gesteine trafen». Zur Aufklarung kann er 
waihnt werden, dass 1) die alkalireichen Vulkanite infolge der herr 
schenden Temperaturbedingungen als bereits »fertige» Gesteine — ib 
Werdegang ist ein besonderes Kapitel (vgl. oben) — »Emanations»- 
impermeabel waren (vgl. 5, 8. 194); 2) der Inhalt der breiten Streifen 
in Bergslagen, die jetzt von »Urgraniten» eingenommen werden, in vor 
granitischer Zeit réumlich-inhaltlich zu grossen Teilen erginzt werden 
muss: es waren sicher keine »Leptitey des unteren Komplexes; 3) die 
Verwitterungssedimente stratigraphisch so hoch lagen oberhalb des 
Granitisationsniveaus, dass sie nur von der Intrusionstektonik betroffen 
wurden; 4) iiberhaupt der haufige Wechsel von Rheomorphiten und 
richtig laufenden Intrusionen von der rel. hohen stratigraphischen Lage 
der Bergslagen-Serie innerhalb der Geosynklinalfolge bedingt wurde. 
Dasselbe gilt fiir die Ser-(Spat-)granite (den zweiten Aufstieg von 
»Kmanationen») auch betreffs der Gesteine mit grossem Al-Uberschusse, 
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no denen dieser bereits zum Teil vor der ersten Granitisation mittels des 
femperaturanstiegs durch Kristallisationen fixiert und dem weiteren 
Jmsatz, mit Ausnahme vielleicht von Umkristallisation, entzogen wur- 
e; seine Minerale (Cordierit, Granat, Andalusit, Sillimanit u dgl.) sind 
ekanntlich iiber weite Moimpetabesbercichs existenzfiihig. Die »pegma- 
itschlierigen Gesteine» (1, S. 295) werden durch die Verschirfung 
extureller Grenzen bedingt (5, S. 194). 

Wenn ich aussage, dass homogene Sedimente homogene Granitisa- 
ionsprodukte liefern, so gilt der Satz nicht umgekehrt; es ist gerade das 
Yharakteristische der Granitisation, dass sie Homogenisierungsaktionen 
rollfiihrt, die weder durch Aufschmelzungs-, noch durch Assimilations- 
Akte erklirt werden kénnen (1, 8. 310). Das Beispiel der Ser-(Spiit-) 
ranite, speziell des Hangégranits, diirfte vollstiindig iiberzeugend die- 
en unmittelbaren Prozess beleuchten. Auch bei mutmasslichen Intru- 
ionen von sehr grossen Dimensionen, wie die des Upsalagebiets, muss 
lie Raumfrage erst recht in den Vordergrund treten: eine Aufschmel- 
ang von dergleichen grossen Dimensionen fordert enorme Warme- 
iberschiisse, deren Ursprung nirgends zu lokalisieren ist; und eine vor- 
xistierende Gesteinskombination des Edukts, die nur mit dem Pro- 
lukt in naher chemischer Ubereinstimmung gestanden haben muss, 
vas gegen die Feldbefunde spricht. Ein Assimilationsvorgang (mit In- 
rusion grossen Stiles) muss sowohl das Wirme- und das Homogeni- 
lerungsproblem, als auch besonders das Raumproblem bewiltigen kén- 
len, um iiberhaupt auch nur in der Lage zu sein die Mise-en-place ein- 
leiten. Das Raumproblem bleibt dasselbe, ob nun die priexi- 
tierender Gesteine stark oder schwach gefaltet, stark oder schwach um- 
rewandelt gewesen sind (1, 8. 314). Die zentralen und randlichen Rest- 
exturen und -strukturen sagen aus, dass es ein Raumproblem im Sinne 
iner petrologisch definierten Assimilation im Falle des Upsalagranits 
licht gegeben hat. 

Mein Opponent ist im Irrtum, wenn er meint, dass von einem Grani- 
isationsakt verlangt werden muss, sein Produkt soll durchge- 
iends die vollen »Higenschaften einer Schmelze» gehabt haben (1, S. 
12); wie vorhin erwahnt, kénnen viele Randfaziesausbildungen nicht 
rom. Standpunkt einer Schmelze erklirt werden. Hin eingehenderes 
‘tudium der Mikrostrukturen und -texturen und eine rationale Kon- 
rolle der Ausscheidungsfolgen u. dgl. mehr und ihre konsequente Dis- 
ussion zeigt mit jedem Tage immer deutlicher, dass die Ausnahmen von 
len als giiltig festgestellten Regeln fast noch haufiger sind als die Falle, 
ie den Regeln folgen. Denn eine nackte Aufzihlung des qualitativen 
fineralbestandes gibt noch keine Anhaltspunkte weder in der einen 
och in der andern Richtung. In diesem Punkte unterscheiden sich 
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vielleicht die Granite der Archiikums meist von den »echten» Granite 
in den stratigraphisch hohen Gesteinsfolgen jiingerer Faltengebirge 
(vgl. 5, 8. 187). 


Hiermit sei dem bereits allzu weitliufigen Schlusswort ein Ende ge- 
setzt. Eine neue Hypothese kann nicht gleich zu Anfang ihrer Promul- 
gation alle Probleme und Phinomene restlos erklaren. Den alteren 
Hypothesen sind die Probleme in immerfort anwachsender Zahl von 
Fallen iiber den Kopf gewachsen, sie miissen in immer weiterer Er- 
streckung zu geologisch irrationalen Hilfskonstruktionen greifen. Ich 
habe selbst wiederholt unterstrichen (z. B. 3, 5. 337), dass noch viel 
Forschungsarbeit zu leisten ist. Und ich konstatiere, dass mein Oppo- 
nent trotz heftigen Straubens sich doch fiir alle Falle ein Schlupfloch 
in die »Granitisationstheorie» offen gelassen hat (1, 8. 310), das zur 
schliesslichen Verstindigung fiihren kénnte. 


1938. Juli 22. 
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Pitekonglomeratet och dess Aldersstillning. 
With an English summary. 
Av 


ERLAND GRIP. 


(Manuskr. inkommet 2°/,, 1938.) 
Inledning. 


I trakten av Pitea har man sedan linge kant till forekomsten av ett 
mglomerat. Geologer ha manga ganger besdkt lokalerna 6ster om 
tea, framforallt vid Degerberget. I litteraturen omnimnes detta s. k. 
tekonglomerat endast helt kortfattat, da forfattarna blott exkursions- 
3 bes6kt trakten. SveNontus (1) omnimner det redan 1892 och senast 
river A. H6cBom (2) 1931: »Pitekonglomeratet ar ett starkt pressat, 
lymikt konglomerat med bollar av hypabyssiska intrusivbergarter. 
st genomsittes av amfibolitiserade gronstensgangar, vilka i sin tur 
skiras av pegmatitgangar.» 

Pa en rekognosceringstur lings kusten hittade jag i somras NO om 
tea nya lokaler med konglomerat, som innehdéll rikligt med granit- 
liar. Detta gjorde, att jag litet nirmare kom att undersdka Pite- 
nglomeratet och hithérande bergarter. For faltarbetet har jag haft 
mycket begransad tid till mitt forfogande. Skissen 6ver Pitetrak- 
ns berggrund, fig. 1, har ritats pa grundval av ett ganska glest nat av 
servationspunkter, men kompletterats efter genomgang av stuffer 
in Pitetrakten i S. G. U:s samlingar och uppgifter, som dr A. Bycp&n 
Ivilligt stallt till forfogande. 


Degerberget. 


7 km OSO om Pitea ligger Degerberget, som ir den klassiska lokalen 
- Pitekonglomeratet. Berggrunden ar hir mycket val blottad. Over 
irre delen av berget anstar ett konglomerat, dir kvarts- och kvartsit- 
llar dominera. Bland andra bergarter, som inga i bollarna, markas 
ndiga och finare sediment, basiska och sura lavor samt en finkornig 
, granit. Bollarnas storlek haller sig vanligen omkring nagra cm, 
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Fig. 1. Skiss é6ver Piteadtraktens berggrund. Skala 1 : 284 000. 


men kan nagon gang vara inda upp till 1 mi genomskarning. En tydl 
skiktning av material med olika grovlek férekommer och strykning 

ir N—S, 90°. Bollarna aro starkt utvalsade parallellt med strykning: 
riktningen. I N-kanten av berget tillkommer ocksa en pressningsril 
ning 1 O—W, 90°. Har har en vertikal stanglighet utbildats. Kong] 
meratet ar mestadels starkt epidotflickigt. 

Konglomeratet genomslas av gangar. Bland dessa aro amfibol 
gangar och en nagot yngre monzonitgang deformerade i samma gf 
som konglomeratet, medan granit- och pegmatitgangar 4ro yngre 0 
i mycket mindre grad mekaniskt deformerade. 

Sarskilt pa nordsidan av berget upptriader en granit, som slar igen 
konglomeratet och lokalt iiven forgnejsat detta. Det ar en réd, med 
kornig granit med starkt undulés kvarts, mikroklinpertit och oli 
klas (An, 0) samt sparsamt instrédd biotit med pleokroism 1 sepia 0 
svartbrunt. Dessutom finns sma mingder sericit, klorit, epidot ot 
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ikon. Granitens sammansittning framgar av féljande geometriska 


1. 
ye: RRA a ny a OS VIE OS 
PROMO Set Ge CAT » 
SCGRIMMCANecsyc Sa | » 
WOU Ge hehe oe ae 4 » 


100 vikt °%, 
Hallskiret. 


2 km NO om Degerberget ligger det lilla Hallskiret med ypperliga 
lottningar i kalspolade hillar. Pa sydhilften av skaret anstar kvartsit- 
onglomerat av samma typ som i Degerberget. Konglomeratet ar 
iycket starkt pressat, brant upprest och stryker i en bage med den 
onkava sidan mot sdder. Veckaxelns riktning ir c:a 65° WSW. 

Mot norr, alltsa under konglomeratet, upptrida bandade sediment, 
lestadels kvartsitiska. Dessa sediment iiro parallellt med skiktytorna 
itruderade av en hornblandediorit, som ir finkornig i de tunnare lager- 
Angarna, men grovre lingre norr ut, dir den upptrader i st6rre massiv. 
fen grovre dioriten breccierar aven sina finkornigare varieteter. Korn- 
orleken blir upp till 2mm. De finkorniga typerna ha intersertalstruk- 
ir medan de grévre fro mer isometriska 1 sin kornstruktur. Pla- 
ioklasen fir en andesin, som ar listformig, svagt zonarbyged och ofta 
agot saussuritiserad. Hornblandet ar, sirskilt i de finkornigare ty- 
erna, ofta idiomorft utbildat till korta prismor, som begransas av (001). 
itt system av fina genomgangar parallellt med basisytan upptrider 
tycket ofta. c:y=21°. 2V,, = 80°—90°. Pleokroismen ar a blekgul, 
olivgrén, y blagrén. Biotitens pleokroism ar ljust halmgul och sepia. 
-vartsen bildar sma spridda korn. Bland accessorierna mirkas magnet- 
is, som forekommer rikligare ansamlad i ett par strak, samt titanit, 
itil, apatit och zirkon. Dioritens mineralsammansattning framgar av 
jande geometriska analyser: 


A II III 
GIS GE. 4 SE Sea er eee ae F, ahet a ae Any 37 An;, 40 vikt % 
USTs 2 ee ee 53 53 37 » 
Bice Bixee us Gi Sys ye 8s 10 5 17 » 
SUE caylee A a ee rer a o 3 5 » 
ISG ES Ge BS een ro 2 2 1 » 

100 100 100 vikt % 
fees Vikt,-bestimd .-...+.-+++- 2.93 2.98 2.02 
| TACGRI GIS @26 iy a AS one aera ea 0.6 1.2 2 mm 


1 De geometriska analyserna ha alla utférts med korsbord. ; Med jamna rorelser har 
ipprovet stegvis framflyttats lings parallella linjer. Pa detta satt har ett nat av punkter 
ed 1 mm:s avstand fran varandra lagts dver hela slipprovet. For varje punkt har mine- 
Jet under harkorset bestimts. Antalet punkter, som falla pa vart och ett av de olika 
ineralen, ger ett statistiskt matt pa mineralens volymsforhallanden. Pertiten har vid 
atningen uppdelats i sina tva komponenter mikroklin och plagioklas. Mineralens sp. v. 
ul. handbécker. 
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Saval sedimenten som dioriten genombrytes av en réd, medelkornig 
biotitgranit av samma typ som i Degerberget och av dess pegmatity 
Temperaturen vid intrusionen maste ha varit ganska hog, da bade sedi- 
ment och diorit delvis assimilerats av graniten. Jmf. fig. 2. — Granitem 
anstar i stérre massiv norr ut. 


( 

i 
f 
4 
t 
: 


Fig. 2. Bandad kvartsit (till héger) och diorit (till vanster) genombrytas av granit 
(under hammarskaftet och i dioriten). Hammarskaftet pekar mot N.—Hillskaret. 


Baggen och Kluntarna. 


14 km 6ster om Pitea ligger en 6 vid namn Baggen, vilken pa sydvast= 
sidan har goda blottningar. Har finns en serie sedimentbergarter, som 
stryka N 45—60° W och stupa 50—60° mot N. De dro ganska starkt 
metamorfoserade, men sedimentstrukturer aro dock iakttagbara. I 
serien inga glasiga kvartsiter med strukturer tydande pa konglomerat- 
ursprung, gravackekonglomerat, fylliter, diopsidskiffrar med »pillowy- 
artade strukturer och amfibolitiska skiffrar, som torde ha varit dels 
andesitiska lavor och dels tuffer. Serien maste alltsa ha bestatt av sedi- 
ment av hogst vaxlande sammansittning: kvartskonglomerat och sand- 
sten, margel och lera samt basisk lava med Atféljande tuff. 

Yngre an denna serie ar en gra, nagot gnejsig granit, som ar intruderad 
parallellt med fyllitens skiktning. Granitens sammansittning framgar 
av nedanstaende geometriska analys: 
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DGreee Ciena. se 28 Vike Of 
DUESOCH ee Wee iy a. we es | 28 » 
OMeowar (ate). 4... .. 25 » 
Biotit (halmgul; sepia)... .. 18 ~~ » 


100 vikt % 


Fig. 3. Diopsidskiffer intruderad av en gra, gnejsig granit (underst pa bilden) och en 
yngre, rod granit som gangar. Hammarskaftet pekar mot N.—Baggen. 


Annu yngre in den gnejsiga graniten ar en réd, medelkornig granit, 
som bryter tvirt igenom alla de andra bergarterna och ar atfoljd av 
peomatit, ibland rik pa turmalin (fig. 3). Denna granit, vilken ar av 
amma typ som graniten 1 Degerberget och pa Hallskaret, har assimile- 
‘at en del sedimentmaterial bl. a. kvartsit. — Som gangar upptrader 
ycksa en stortavlig diabas. 

I strykningsriktningen 8 km SO om Baggen ligger skaret Kluntarna 
yttersta havsbandet. Ytbergarterna dro i stort sett de samma som pa 
Baggen: amfibolitiserade lavor och tuffer samt sediment av mycket 
lika karaktiir vixellagrande med varandra. Har finns starkt kalkiga 
ediment, som troligen varit konglomerat, vidare kvartsit och fyllitiska 
kiffrar. Ett pseudokonglomerat har uppstatt av kvartsit vixellagrande 
ned lerskiffer. Dessa bandade sediment ha utsatts for tanjning. 
Kvartsitbanden ha brustit i smabitar, som klamts in i den segare skif- 
ern. Atminstone pa ett hall torde dock konglomeratstrukturen verk- 
igen vara primar. 
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Vallen—Alhamn. 


25 km ONO om Pited ligger ett sedimentomrade, dar ett polymikt 
bottenkonglomerat ar bevarat. Sedimentbergarterna jamte dverlag- 
rande lavor bilda en synklinal med brant stilld W -skinkel och veckad 


Fig. 4. Polymikt konglomerat. De liusa bollarna besta av graniter. Skala c:a 1: 10. — . 
Fagervik, 2 km § om Vallen. 


efter en axel med riktning NNW. Axialstupningen ar i SSO mycket 
flack, men blir mot NNW brantare (45—50°). 

Bottenkonglomeratet dr val blottat. Oster om Vallen finner man det 
vilande direkt pa en grovporfyrisk gnejsgranit. Vid Fagervik finns av 
havet renspolade hiallar, dir strukturerna framtraida utomordentligt 
vackert. Bland bollarna, vars storlek Ar varierande och kan na flera 
dm, ha foljande bergarter observerats: graniter av flera typer, bade 
massformiga och gnejsiga, syenit, diorit, gabbro, migmatit, fyllit, liparit 
och andesit. Bollarna aro i regel mycket val rundade. Konglomeratet 
ser ganska egendomligt ut med de ljusa djupbergartsbollarna liggande 
glest i en mork massa. Vid narmare paseende visar sig dock den mérka 
massan huvudsakligen besta av mérkare bollar. Daremellan ligger en 
nagot sandig, amfibolrik matrix (fig. 4). 

Uppat 1 lagerserien bli granitbollarna allt sallsyntare. Konglomerat- 
lager vixla med gra, bandade, sandiga sediment och allt mer tuff- 
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aterial kommer in samtidigt som basalt eller andesit blir den domine- 
nde bergarten i bollarna (fig. 5). Sa gott som alla bergartstyperna i 
dimentserien iiro amfibolhaltiga och ofta epidotflickiga. 

Overst i den blottade serien, pa ett underlag av basiskt tuffagglomerat, 
lar en basaltisk andesit. Den har blasrum fyllda med kvarts och horn- 


5. Pressat, epidotiserat konglomerat med bollar av liparit och gravackor. C:a 
m hégre i lagerserien in konglomeratet pa fig. 4. Skala c:a 1: 10. — Storberget, 
1,5 km S om Vallen. 


5 
) 


inde. Som anda till cm-stora strokorn upptrider ett hornblande, 
ket med nagot ojimna konturer Ar linsformigt utbrett parallellt med 
sis. Tvillingbildning férekommer efter (100) och (001). c:y = 20°. 
, ung. 62°. Pleokroismen, som ar nagot ojimn, ar for a halmgul, 
svagt olivgrén, y blagrén. Hornblandestrokornen, som ha inneslut- 
agar av kvarts, biotit, malm och titanit, torde utgora pseudomorfoser 
er pyroxen. Grundmassan i bergarten har pilotaxitisk struktur och 
star av andesinlister (An;,_;;), finkornigt hornblande av samma typ 
n i strékornen, sma mangder biotit, klorit, kvarts och mikroklin samt 
ridda korn av malm och titanit. 

Sediment-lavaserien genomsiittes av gingar med finkornig och med. 
yvtavlig diabas, kvartsporfyr, granofyr samt 1} norr av granit och 
smatit. Graniten tar mot norr fullkomligt herravaldet dver sedi- 


56 ERLAND GRIP. [Jan.—Febr. 1939, 


menten, som den till stor del assimilerat och migmatitiserat. Mot NO 
finner man en fullstiindig évergang fran relativt friska konglomerat till 
migmatiter, dir bollarna endast bilda diffusa flickar. Den genom- 
brytande graniten iir en réd, medelkornig alkaligranit. Mikroklin oe 
albit (Anj_;) upptrida till storsta delen i intim sammanvaxning med 
varandra. Av mafiska mineral finns biotit med pleokroism i halmgult 
och svartbrunt samt ett hastingsitiskt hornblande med 2V, nara 0°, 
ec: a = 26° och pleokroism i gulbrunt och svartbrunt. Accessori ct 
finner man malm, zirkon, ortit, titanit och kalcit. Granitens sammat 
siittning framgar av foljande geometriska analys: 


Karts >... eo 7 re 
Diikrollin ss: co oo a en ae nea 43 » 
Albibe sn oo eS eee rat » 
BIO Educa’ 'o te) ee ee 3 » 
Hastingsit 3 » 
Accessorier . 2 » 
100 vikt % 


Pitekonglomeratets underlag. 


Som forut nimnts ar kontakten mellan konglomeratet och dess under 
lag blottat 6ster om Vallen. Den gamla landytan bestar har av en réd. 
grovporfyrisk granit med amfibolitiska inneslutningar. Det ar samme 
eranit, som antraffas pa manga hall upp efter kusten. Den har ibland 
kallats Orebrogranit, men kan narmast jimfdras med Revsundsgraniter 
och upptrader liksom denna migmatitiserande. 


I konglomeratet finns rikigt med bollar av Arvidsjaurporfyre 
Kring Vallen anstar ocksa en réd liparit samt en amfibolit, vars ursprun 


torde ha varit en andesit. 5 km langre séder ut dr den réda, sliriga lipar 
ten med sin bandade tuff mycket val bibehallen och ar blottad 6ver e 
vidsjaurporfyrerna. Bland de basiska intrusivbergarter, som inga 
konglomeratbollarna, finns en diorit, vilken anstar pa Ranodgrendl 
grov migmatit med faltspatégon bildar enstaka konglomeratbolla 
Soh denna migmatit har patriffats i ett hallparti 2 km NO om Vallen 
traffats pa flera hall.” 

Av bollmaterialet i konglomeratet och av blottningar i trakte 


helt kalbrant berg. Aven pa darna lingre séder ut finns rester av Ar 
3 km SO om Fagervik. Den breccieras hair av den ildre graniten. 

Skiffrar och fylliter liknande de i konglomeratet ingaende har ocksa an 
framgar salunda, att den yngre sedimentserien avlagrats pa en land 
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yta, sammansatt bl. a. av Arvidsjaurporfyrer, delvis migmatitiserade 
kiffrar samt sura och basiska djupbergarter. 


Berggrunden kring de ovan behandlade 
sedimentomradena. 


I det foregiende har jag nagot berért de ildre och yngre bergarter, 
om komma i kontakt med Piteserien och visat deras relativa alders- 
tillning. De aldre bergarterna, som bilda seriens underlag, befinna sig 
wuvudsakligen i NO-delen av det undersékta omradet. Hir finns ett 
ymrade med Arvidsjaurporfyrer, sura och basiska lavor, vilka samman- 
6rts under en beteckning pa kartan. NO om dessa vidtar den grov- 
sorfyriska graniten med basiska differentiat och migmatiter. Resten 
rv omradet bestar av migmatiter, i vilka man dock har och dar finner 
oartier av ursprungsmaterialet. Den unga, réda graniten upptriader som 
nigmatitgranit. Den har ocksa brutit igenom, breccierat och delvis 
wssimilerat de ildre bergarterna i NO. I samband med den unga grani- 
en upptrada vanligen pegmatiter i stora massor. Syeniter och dioriter 
iro ocksa associerade med denna granit. 

Migmatiterna aro vanligen gra, mer eller mindre grova gnejser, dar 
elikta sedimentstrukturer i form av bandning ofta kunna iakttagas. 
Pa ett par platser, t. ex. SO om Harrtriasket, kan man se en kon- 
anuerlig é6vergang fran bandade fylliter till gnejs. 

Ibland, t. ex. pa Mér6én, innehaller migmatiten amfibolitiska strak 
ych pa andra hall rester av liparit. 

I migmatiterna inga saledes sediment av vaxlande beskaffenhet aven- 
som sura och basiska lavor och tuffer. Da ar fragan, vilken alder 
lessa bergarter ha. Bland sedimenten finnas dels Skelleftefaltsskiffrar, 
lels Piteseriens sediment att valja pa. Likasa finnas aldre och yngre 
avor. En studie av omradets tektonik ger det sikraste svaret pa 
Tagan. 

Strykningsriktningarna inom omradet ligga i huvudsak 1 NW—SO, 
ch veckaxlarna stupa mer eller mindre brant at NW. Ett undantag 
itgéra veckaxlarna i gnejsen mellan Pited och Norrfjirden, som ligga 
1orisontellt i ung. NO—SW, men strukturerna synas har svepa runt 
tt massiv med yngre granit. Dessa huvudriktningar gilla saval Pite- 
erien som migmatiterna och iven Arvidsjaurporfyrerna och den iildre 
rraniten. Dock finns i den senare en del parallellstrukturer med avvi- 
cande riktning, vilka troligen aro relikter. 

Det faktum, att Piteserien stupar in under migmatiterna tyder 
tarkt pa, att denna serie lamnat atminstone en stor del av materi- 
let till migmatiterna. 
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Utbredning mot norr. 


Med strykning i NW- eller NNW-riktning kan migmatitstraket foljas 
fran Piteatrakten miltals norr ut. Pa sina hall aro har sedimenten bittre 
bevarade, och i trakten av stambanan bli de ater relativt friska. 

Omradet harifran och norr ut till malmbanan har jag tidigare behand- 
lat i mitt arbete om Arvidsjaurporfyrerna (3). Fran trakten av Brann- 
bergs station och rakt norr ut stryker en serie av bandade gravackor 
med smirre inlagringar av svartskiffer, bandad hilleflinta och kalkiga 
sediment. Sedimenten 6verlagra diskordant Arvidsjaurseriens lipariter 
och andesiter. N om Lule alv vid Svartla bildar ett minst 40 m makti 
konglomerat sedimentens understa del. Dir hade jag tidigare endast 
hittat bollar av liparit, men nu i héstas fann jag i en ny vagskarning i 
Svartla by en stor samling lokala block med polymikt konglomerat 
Bollarna bestodo av liparit, gravacka eller tuff, samt i stor utstrackning 
av kvartsdiorit och mer basiska djupbergarter. 

Denna sedimentserie, Svartlagravackan, maste raknas sasom lik 
aldrig med Piteserien. 

N om Lule alv kan Svarlagravackan blott féljas nagot éver 1 mil. 
Sedan vidtar en granit, som troligen ar dldre an sedimenten. N om 
malmbanan, uppat Rane alv, upptriida ater migmatitiserade skiffrar 
och 1 samband med dem samma réda granit som i Pitetrakten. Stra: 
S om Mardsel, dir Gillivare sockengrins skir Rane ilv, fann jag aven- 
ledes i en ny vagskarning ett par stora block med polymikt konglomerat, 
varav det stérsta, som knappast ar langtransporterat, hade bollar a 
granit och en basisk lavabergart. Den unga sedimentserien forekom- 
mer sdlunda anda har uppe. 

Sedimenten kunna i mer eller mindre metamorf drakt fdljas vidar 
mot norr, och fastin observationsnitet ar glest, far man konnektion 
med Vakkoformationen i det sydligaste avy Opman beskrivna om- 
radet, Leipovaaraomradet (4). 

Sedimenten 1 Vakkoformationen och i Pitea—Mardselomradet aro 
varandra mycket lika bade till sammansittning och upptridande. 
Den atfdljande Linagraniten 4r A4ven densamma. 

Vid landsvagen mellan Balinge och Giaddvik, 8 km W om Lulea 
fann SvENoNIus (5) under en resa 1886 konglomeratblock, som voro 
utspridda langs en km-lang striicka. Enligt stuffer i 8. G. U:s samlingar 
innehaller konglomeratet bl. a. bollar av granit och mer basiska djup- 
bergarter. Det ar nagot metamorfoserat och dverensstimmer till utse- 
endet med Pitekonglomeratet vid Vallen, som ligger 15 km SSW om 
blocklokalen. Moderklyften till blocksvansen torde ej ligga langt borta 
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h Pitekonglomeratet maste alltsa finnas inda upp mot Lule alv viister 
n Lulea. 


Kalixformationen. 


3 mil NO om Alhamn med diiromkring anstaende Pitekonglomerat 
yger Hindersén. Pa denna och kringliggande dar finner man den 
dligaste utléparen av den s. k. Kalixformationen, vilken utbreder 
Z over skirgarden utanfér Lulea och Kalix och har dragit uppmirk- 
mheten mer till sig in Pitekonglomeratet. Den har besdkts av manga 
ologer vid olika tidpunkter, men aldrig blivit grundligt undersékt 
h karterad. Spridda karbonatrikare férekomster beskrivas av Svz- 
INIUS (6) 1916 vid hans inventering av Norrbottens lins kalkstensfére- 
mister. Hfter exkursioner 1 Lulea—Kalix skirgard har Grrsmr (7) 
in Kiruna—Gillivare—Pajala avhandling ganska utférligt diskuterat 
rgartsserien, och funnit det mest sannolikt, att den skulle vara jim- 
allbar med Vakkoformationen och Kaleven i Finland. Hausen (8) 
ymmer till samma slutsats nagra ar senare. 

Forf:s faltkainnedom om Kalixserien harrér endast fran ett par exkur- 
onsdagar 1935. Sedimenten besta av kvartsit och sandsten, bandade 
iffrar samt dolomit och kalksten. Basiska lavor och tuffer bilda 
ellanlagrande biddar. I yttre skargarden mellan Lulea och Kalix 
o bergarterna mycket val bibehallna och relativt lugnt veckade efter 
wcka veckaxlar med riktningar varierande mellan W och N. Pa Hin- 
rs6n iS aro lagren vertikalt uppresta och strykningen N—S. Uppat 
alixtrakten svinger sedan strykningarna i en mjuk bage mot NO. 
Pa en liten holme 500 m NW om Hastaskaret anstar Revsundsgranit 
srovporfyrisk utbildning. Nagon kontaktmetamorfos kan ej sparas 1 
» mycket val bevarade sedimenten pa Hastaskaret, som utgoras av 
rartsiter, kalkstenar och skiffrar. Daremot marker man en hop- 
iyckling av sedimenten, som kan ha bildats om de veckats upp emot 
si fast rand, som graniten maste ha utgjort, om den dr aldre 4n 
dimenten. 

Pa Hindersén iro sedimenten mer metamorfa. Hir finns skarnig 
Iksten och flickskiffrar. Pa O-sidan av 6n anstar en Revsundslik- 
nde granit, men dess aldersférhallande till sedimenten har ej kunnat 
goras. 

Enligt T. Du Rierz’ (9) undersékningar sommaren 1938 forekommer 
trakten av Batskirsnis, OSO om Kalix, en sldfferse1ie, som meta- 
orfoseras och genomsiittes av en serie intrusivbergarter, vilkas sura- 
led ofta likna Revsundsgraniten. I norra delen av Luleé—Kalix- 
yradet finnas allts& sediment, som synas vara ildre in Revsunds- 
aniten. Det dr dock ej faststallt att alla sedimenten inom om- 
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radet iiro av samma Alder. Flera skal tala for att har ocksa finns er 
yngre serie, som da skulle parallelliseras med Piteserien. Sikra bevis 
harfor saknas dock fortfarande. 


Vargforsformationen. 


Kring Skellefteilvens dalgang, fran stambanan och anda upp mo 
fjillranden, utbreder sig i mer eller mindre sammanhingande omrade 
Vargforsformationen. Spridda férekomster traffas dessutom anda up) 
i Arvidsjaurfailtet. Bergarterna besta av arkoser, mer eller mindre 
polymikta konglomerat, sandstenar, gravackor och skiffrar samt basa 
tiska lavor med tuffer och tuffagglomerat. 

Formationen vilar diskordant pa Skellefte- och Arvidsjaurfaltens berg 
arter inklusive Revsundsgraniten. Genom forkastningsrérelser och 
viss man aven veckningar ha bergarterna pa manga hall blivit bringad 
ur sitt horisontella lige, och branta stupningar dro ej ovanliga. Lokal 
forekomma ocksa starka hopveckningar i de finare sedimenten. De me 
betydande dislokationslinjerna och veckaxlarna ha WNW—OSO- 
riktning. 

Materialet till Vargforsformationens sediment ar huvudsakligen tillfért 
fran N. Arkoser och grova konglomerat tyda pa kort transport. De 
finare sedimenten, som hastigt andra karaktir saval i horisontal som 
vertikal led, maste vara avsatta ej langt fran en strand. Med andra ord: 
Vargforsformationen ar avsatt vid sydfoten av ett hégland och sedan 
hopskjutet mot detta som kratogen. 

En yngre granit, Sorselegraniten, ir som A. Héapom (9) pavisat, 
yngre an Vargforsformationens bergarter och slar igenom dessa. De bli 
dock aldrig migmatitiserade. 

Saval Pite- som Vargforsseriernas bergarter iro yngre in Revsunds- 
graniten. Litologiskt aro de olika sa tillvida, att i Piteserien finare 
sediment ha nagot stérre utbredning ini Vargforsformationen. Lik 
heter aro de haftiga vixlingarna i material samt de mellanlagrande 
basiska lavorna och tufferna. Vidare genomsla yngre graniter bada 
formationerna. 

Pite- och Vargforsserierna maste jimstiillas i aldershanseende. 
Likasa Lina- och Sorselegraniterna. 


Summary. 


In the neighbourhood of Pitead a series of sediments and volcanics 
have been investigated. At the bottom of the series there is a conglo 
merate with boulders of acid and basic intrusives and volcanics, mig- 
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latites, sediments and quartz. Above follow quartzites, schists and 
asaltic tuffs and lavas. The series is intruded and partly migmatised 
y a granite, the Lina granite. The surface, on which the series is 
eposited, consists of volcanics of the Arvidsjaur system, Revsund 
ranite and migmatite. 

The Arvidsjaur system occupies a very large area in the southern part 
f Norrbotten. It is composed of andesites, dacites, keratophyres, 
1yolites and intermediate rocks (3). The system is slightly folded and 
itruded by granites and forms, together with certain parts of the 
kellefte system (11), a resistent area. Round the southern and eastern 
und of this area sweeps with smaller interruptions a younger system 
ith sediments derived from the rocks of the resistent area and with 
iterbedded basic lavas and tuffs. This system rests unconformably 
n the older folded, and partly migmatised system of rocks. It comprises 
ne Vargfors series in the South and the Pite and Svartla series in the 
ast and probably parts of the Kalix series NE of the Pitea area. It 
an be directly connected with the Vakko system in northern Norrbot- 
2n and the Karelides in Finland. The system is least metamorphosed 
long the southern rand, while along the eastern rand it is often strongly 
ugmatised or completely regenerated to Lina granite and its dioritic 
nd syenitic derivatives. 

A very important unconformity separates the younger Karelidic 
ystem from the older Skellefte and Arvidsjaur systems. 

The geologic development can be summed up as follows: 

After a folding in at least two phases with accompanying intrusions 
f granites and a strong migmatisation, a breaking down of the older 
lountain range has taken place. Upon the surface of migmatites, 
ranites, etc. sediments alternating with basic lavas and tuffs were then 
eposited during a following transgression. This new system was partly 
0 deeply downfolded that the sediments were regenerated or 
ligmatised. The folding was probably directed against the old 
esistent area. 

The younger system must belong to the Karelidic mountain range 
rhereas the Arvidsjaur and Skellefte areas were deformed during an 
arlier orogenic cycle. 
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Minerals of the Varutrisk Pegmatite. 


XIV. The Tourmaline Group. 
By 
PERCY QUENSEL and OLor GABRIELSON. 


(M. S. received Jan. 3d, 1939.) 


At Varutrisk tourmalines of varying habit, colouring and composition 
are abundant. They can however in relation both to chemical com- 
position and paragenetical distribution be subdivided into two main 
groups, the schorlites, rich in iron and black in colour, and the elbaites 
or lithium-tourmalines with bright colours in red (rubellite), blue 
(indigolite) and green. Many tourmalines of the latter group show a 
fine zonal structure with varying colouring. 


icmp enoriitces or black WWourmalines. 


The black schorlite is exclusively to be found in the periferical parts 
of the pegmatite, representing the primary microcline pegmatite as de- 
veloped prior to the invasion of the lithium- and sodium-bearing solu- 
tions, which caused a later mineralisation of the more central parts. 
They would according to Fersmanns, classification! belong to the peg- 
matoid period, characterised by relatively high temperature, (between 
500° and 600°). The mineral association in these parts of the pegmatite 
is poor in species, microcline-perthite, quartz and muscovite, an oc- 
casional beryl and locally some little topas of microscopic dimensions 
being besides the black schorlite the only characteristic mineral in- 
gredients. 

The schorlites show a marked tendency to accumulate near and along 
the upper and lower contacts of the pegmatite, which in both cases are 
bordered by an amphibolitic greenstone. The distribution is best 
studied in the quarry and prospecting pits of the western wing. In the 
accompanying sketch map of this part of the pegmatite, (Fig. 1), the 
regional distribution of the black schorlites in relation to the coloured 
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elbaites and to the pegmatite in general as well as their enrichment 
along the outer contacts is recognisable. The cross section, (Fig. 2), 
elucidates the same conditions. In apophyses of the pegmatite into the 
greenstone, specially along the upper contact, an accumulation of the 
black tourmalines is also found to have taken place with the larger 
individuals often over large distances orientated perpendicular to the 
contact. In larger or smaller xenolites of greenstone in the pegmatite 
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Fig. 2. Cross section of the pegmatite along the line A—A, in the sketch map. 
Legend as in fig. 1. 


an outer reaction zone rich in schorlite is sometimes to be seen, bordering 
an inner reaction zone of brown garnet (Fig. 3). 

The schorlites occur both in isolated, well defined crystals and in 
irregular or radial aggregates. The individual crystals can attain dimen- 
sions over 10 cm in length and up to 3 cm in diameter. The prismatic 
zone, generally with well marked vertical striations, is determined by 
the trigonal prism (1010), often combined with the hexagonal prism 
(1120). The trigonal prism is however usually predominating, in cross- 
sections causing the characteristic triangular tourmaline outline. No 
end faces have been observed. 

The larger crystals are often broken with conchoidal to uneven frac- 
tures or transversed by cracks, parallel to the base. These cracks are 
then filled with quartz. Further quartz occurs frequently as small in- 
clusions in the tourmaline. 

In thin sections the schorlite varies in darker or lighter yellowgreen 
tints. The pleochroism is strong from greyish yellowgreen (w) to 
all but colourless (e). 

The specific gravity in the analysed specimen is 3.178. The indices 
of refraction are ex, = 1.6324, wx, = 1.6607. A discussion of the in- 
dices and spec. gravity in relation to the chemical composition follows 
below. 


5—390060. G.F.F. 1939. 
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Fig. 3. Xenolite of greenstone, bordered by an inner reaction zone of brown garnet (( 
and an outer zone, rich in schorlite (S). 4x1. 


The Elbaites or coloured Lithium Tourmalings 


The elbaites or lithium tourmalines with their striking colours in re¢ 
blue and green offer a vivid contrast to the monotonous black schorlite 
As a group they are specially concentrated in the intermediate zom 
located between the periferical microcline pegmatite and the centr: 
core of predominantly lepidolite rock. The principal mineral associatio 
of the parts rich in elbaites consists of cleavelandite, quartz and coars 
crystalline lepidolite with more locally developed amblygonite, mangai 
apatite, spodumene and petalite. 

The elbaites show a marked tendency to accompany the cleavelandit 
in its invasion and assault on the older parts of the pegmatite. Whe1 
the process of albitisation penetrates the microcline-pegmatite, 1 
sorbing in the first hand the microcline itself, the coloured tourmalin 
are generally found only a little behind the formost line of invasion. _ 
this locally reaches the outer contacts, the coloured tourmalines ma 
have followed and can then be found together with the black schorli 
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in its primary zone of concentration. On such occasions the black 
tourmaline can be found enveloped in a thin shell of green tour- 
maline. 

In general one may therefore say that the elbaites are most intimately 
associated with the cleavelanditic phase in the sequence of mineralisa- 
tion of the Varutrisk pegmatite. The cross-section in fig. 2 gives an 
indication of this general distribution, which, however, in detail can 
show modifications and individual combinations in connection with the 
differently coloured subspecies. 

The best developed elbaites, especially the green species, are often 
found enveloped in large quartz segregations, the individual tourma- 
lines then generally centripetally orientated from the wall inwards. 
Such elbaites can attain large dimensions, the diameter of many prisms 
often reaching 3 cm. The prismatic zone is for the most part distinctly 
striated. The same faces are developed as in the schorlites, but the 
hexagonal prism is more prominent. Often the trigonal prism is so 
reduced that cross-sections show principally hexagonal outlines. 
Though end-faces generally are lacking, one occasionally may observe 
basal or rhombohedral terminations. Cracks filled with quartz or albite 
or both together are of common occurrence. 

The green tourmalines are by far the most common of 
the elbaites in the Varutraisk pegmatite. They occur in different shades 
between light and dark green and dark bluish green. As the names in 
general use for the differently coloured subspecies of the elbaites solely 
refer to chromatic features, (achroite, rubellite and indigolite for 
colourless, red and blue varieties respectively), whereas the green 
lithium-tourmaline sofar has remained nameless, ver delite may be 
proposed as a conveniant signification for the green varieties of the 
elbaites, the name formed in accordance with the nomenclature in use 
for the closely related subspecies rubellite and indigolite. 

The green elbaite or verdelite is not only the most usual but also the 
most widely dispersed of the lithium-tourmalines throughout the pegma- 
tite. Whereas the red and blue varieties seem only to have a relatively 
limited distribution, the verdelite is found to follow the cleavelandite 
invasion throughout its whole sphere of action. Locally one may even 
find the verdelite ahead of the albitisation and alone of the lithium 
minerals invading the earlier pegmatite. In short one may safely say 
that the verdelite is found widely dispersed throughout the whole 
pegmatite within the same ranges as the cleavelandite and locally even 
beyond its limits. 

Verdelite occurs throughout hitherto accessable parts of the pegmatite 
in general as large and welldeveloped crystals or in irregular or radiating 
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aggregates. A detached, compact section of a radiating “sunburst” it 
our collections measures over 15 cm in length. The base of the specimen 
is about 3 em across, the top well over 8 cm. Locally a finegrained, 
granular form of verdelite occurs in narrow veins or irregular patches 
in parts of the pegmatite, consisting of cleavelandite, lepidolite and 
quartz. Microscopically the tourmaline then appears as small, granular, 
all but colourless grains, poikilitically amply intergrown with quartz, 

In thin section the colour of the verdelites varies from light green te 
colourless. The pleochroism is weak to imperceptible. 


The specific gravity in the analysed specimen is 3.065. The indices 
of refraction were found to be ey, = 1.6224 and wy, = 1.6423. 


The red elbaite or rubellite has a much more limited distzi- 
bution in the Varutrisk pegmatite and is in well defined crystals on 
the whole relatively scarse. Omitting for the present the zonal tour- 
malines, (these will be treated below), the rubellite is, as far as yet 
known, principally localised to the large quarry of 1937—1938 on the 
eastern wing of the pegmatite, associated with cleavelandite, coarse 
lepidolite, quartz and amblygonite, all occurring in a very characteristic 
disordered aggregation. Whereas verdelite is also found in this mottled 
rock, rubellite is seldom found in any quantity elsewhere and must in 
comparison with the wide distribution of the verdelites be said to be 
much more strictly localised. Occasionally, however, rubellite is also 
found as large, radiating aggregates (sun-bursts) in cleavelandite in 
differents parts of the pegmatite. 

In thin sections the rubellite is all but colourless. No pleochroism 
is observable. 


The specific gravity of the rubellite is 3.025. The indices of refrac- 
tion are éy, = 1.6205 and w,, = 1.6391. 


The blue elbaite or indigolite occurs in at least three different 
associations in the Varutriisk pegmatite. In the first place one may say 
that the indigolite accompanies the verdelite in its most common 
distribution in the intermediate zones of the pegmatite, though there 
always found in subordinate quantities. In its forms and dimensions it 
in this mode of occurrence very much resembles the verdelite in the 
same association. Secondly a dark-blue to bluish black indigolite is 
found in small, welldeveloped crystals of 1—2 mm in thickness, richly 
dispersed throughout a sugar-grained albite-aplitic rock. This mode of 
oceurrence of both mineral and rock is limited to a marginal zone of the 
lithium-bearing parts of the pegmatite, which on the eastern wing 
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locally is found in direct contact with the underlying greenstone. The 
tourmaline-aplite is also found as nodules in the coarser pegmatite in 
many places near the same lower contact. In coarser veins, consisting 
of albite, quartz, dark blue to bluish black tourmaline and muscovite, 
which are found intersecting the aplite, the tourmaline is an indigolite 
of somewhat diverging character. The large, prismatic crystals, meas- 
uring up to 1 cm in diameter, show under the microscope a distinctly 
inhomogeneous structure with irregular yellow-brown spots, possibly 
indicating parts richer in Mg (dravite), dispersed throughout the 
normally lightblue indigolite. The small indigolites in the normal aplite 
occasionally show indications of the same phenomena. 

The third mode of occurrence of indigolite is of a more specific char- 
acter. Quite locally in a small prospecting pit in the northern part of 
the western wing of the pegmatite, petalite is found in some abundance. 
The large and mostly clear, light-gray masses of petalite are, however, 
often seen to be mottled by rounded dark patches of up to 3 cm in 
diameter. The center of these patches consists of triphylite or more 
seldom of varulite, both accompanied by their oxidation products, 
ferrisicklerite — heterosite and alluaudite — soda-purpurite. In many 
of the patches only heterosite is found, representing the final stage of 
oxidation. of primary triphylite. Varulite has only been identified in a 
few specimens. 

Nearly without exception the center parts of the patches, occupied 
by minerals of the triphylite — varulite series or their oxidation- 
products, are surrounded and encircled by a rim of light-blue indigolite, 
seldom exceeding 3—4 mm in breadth. The concentric tourmaline 
ring is singularly regular in its configuration, conferring to the patches 
a very characteristic appearance, (Fig. 4). 

Under the microscope the contact between the central phosphates and 
the blue tourmaline ring is sharp. The indigolite ring is formed of small 
eranular lightblue to all but colourless grains, generally poikilitically 
intergrown with quartz in large quantities. The pleochroism is faint to 
unperceivable. Together with the tourmaline a lightblue manganapatite 
is sometimes found to occur. 

As mentioned above, this mode of occurrence is in Varutrisk locally 
restricted. Fraser has in the lithium-pegmatite of Newry evidently 
observed an almost identical phenomenon.! According to FRasER’s 
description a lightblue, granular tourmaline, forming a slender rim, 
encircles central parts, consisting of triphylite and also transverses the 
same in narrow veinlets. The conditions at Newry are, however, de- 


1 Am. Min. 15, p. 360. 
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S. HEDLUND photo, 


Fig. 4. Petalite (P) with patch of triphylite (T) and its oxidation product, heterosite (H), 
encircled by a ring of indigolite (I), poikilitically intergrown with quartz. Varutrask. 9x1. 


veloped in a much larger scale than those described above, single 
tourmaline-encircled triphylite aggregates reaching, according to FRa- 
SER’s description, up to a foot in diameter. 

In thin sections the indigolite is in general colourless to lightblue, 
in the latter case a weak though distinct pleochroism from lightblue 
to colourless is observable. 


The specific gravity of the indigolite is 3.110 and indices of refrac- 
tion are éxy, = 1.6230 and wy, = 1.6427. 


The zonal Elbaites. 


Many of the elbaites of Varutraisk show very fine zonal structures. 
This is especially the case in a small prospecting pit on the extreme 
eastern wing of the pegmatite, where a rich assembly of brillantly col- 
oured zonal tourmalines, predominantly in green and red tinges, are seer 
imbedded in coarsegrained pegmatite rock, chiefly consisting of cleave- 
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landite, lepidolite and quartz. Only exceptionally homogeneous elbaites 
are found here, then green in colour and of a somewhat darker tinge 
than usual. By far the domineering part of the coloured tourmalines 
of the locality shows a distinct zonal distribution of colour in vertical 
direction. 

Zonal elbaites may be said to represent a characteristic feature of 
the mineral association of the lithium pegmatites. They occur, although 
in more insignificant development, in the only other lithium pegmatite 
of Sweden, on the island of Uté outside Stockholm.t From the United 
States well developed vertical zonal structure of elbaites has been 
described from the wellknown lithium pegmatites of Mt Mica? and 
Newry? in Maine, from Strickland Quarry, Portland, Conn.‘, and from 
San Diego, Cal.®. From Madagascar Lacrorx® has given a detailed 
- description of the same structural features in very fine development and 
also from 8. W. Africa’ fine specimens are recorded. Horizontal banding 
with varying and often repeated zonal colouring is especially well 
developed in the elbaites from Mursinka, Madagascar, Minas Geraes and 
Haddam Neck, Conn.* Specimens of rubellite from Bara Salinas, Brazil, 
are sometime terminated by a pure white basal cap. 

The feature of zonal distribution of colouring in the tourmalines has 
often been used as indications of chemical variations in the mineralising 
solutions. According to JENKs® a deposition from solutions with de- 
creasing content of iron would give rise to the following succession of 
colours: black, dark blue, dark green, light green, blue, red, white, and 
colourless or pale red or green. The deeper colours are caused by bivalent 
Fe. With decreasing content of iron, the chromatic properties of Mn 
assert themselves and occasion colours in red, rose or pink. The colour- 
less tourmalines (achroites) or those of weak colouring are poor in both 
Fe and Mn. The succession blue — red from the center in the elbaites 
from Uté would according to Jenxs denote a crystallisation from solu- 
tions successively poorer in iron, the usual succession red — green from 
center outwards in the elbaites from Varutrisk would indicate reversed 
circumstances. 

To try and ascertain if the different colours of the elbaites of Varu- 
trisk could be occasioned by quantitively determinable quantities of 


1 Bull. Geol. Inst. Upsala, 15, 1916, p. 319 (Ss6@REn). 
2 U. S. Geol. Surv. Bull. 445, p. 89 (Bastin). 

3 Am. Min. 15, p. 356 (FRASER). 

4 Am. Min. 5, p. 52 (SHannon). 

5 Zeit. Krist- 52, p. 74 (RoGErs), 

6 Min. de France, 4, p. 695 (Lacrorx). 

7 Zeit. Krist. 58, p. 456 (Reunrina). 

8 Min. Mag. 13, p. 108 (Bowman). 

® Am. Jour. Sc. 30, 1935, p. 189. 
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Or, Cu, Ni or Co, these elements were sought by Miss BerGGREN in 
connection with her analytical work on the material, but with negative 
result. Miss BERGGREN, however, at the time made some observations 
and came to some conclusions of interest concerning the colouring in” 
the lithium tourmalines, which here may be quoted: 


“Tt is a wellknown fact that the colouring of minerals can be occasioned | 
by chemically indeterminably small quantities of certain impurities in the 
mineral. Cr, Cu, Ni and Co were however sought spectographically in- 
acyteleneoxygene flame, which should indicate an admixture in question 
less than 0.005 %. As no trace of Cr was found, it seems hardly probable” 
that Cr is responsible for the vivid green colouring of the verdelites. For 
the same reason the blue and red colours of the indigolites and rubellites 
are not likely to be ascribed to impurities of Cu, Ni or Co. 

According to Dortrer FeO is in the first hand responsable for the 
green, Li for the red colour in the tourmalines. I have in the following table _ 
brought together a number of analyses after DorLtrers Handbuch der 
Mineralchemie, grouped according to colour and giving the contents of 
MnO, FeO, Fe,0;, MgO and Li,0. 


Table 1. 
Analyses of green and red lithium-tourmalines after DorurEeR, Handbuch der Mineral- — 
chemie, with respect to contents of MnO, FeO, Fe,0,, MgO and Li,O. Numbers refer to — 
Dorttsr’s tables of analyses. 


I. Green lithium-tourmalines. 


MnO FeO Fe,0, MgO Li,O 

No. 76 colourless-lightgreen . . 1.38 1.38 0.30 trace 1.34 
83) lightereen’.9 2... 2.51 1.38 — 0.41 0.74 
SA cree pe, dacs wot Gee 2.50 3.40 — 0.60 1.30 
SD cPTOON Gis ak cm ei ae ers 2.57 2.35 — 0.20 1.33 
Si(epalesoreen™ ©. ence 1.47 2.29 0.15 _— a Rey fi! 
SSeolive ereen yea ieee 2.22 3.19 0.31 0.04 1.61 
SO light green’). 2). . - 0.51 3.88 0.42 0.04 1.34 
ONidark green’ — 4 . 6 0.72 7.07 0.15 0.16 1.05 
QO" SOOM eMiesewicnS Metse eb. 1.96 2.12 — 0.15 1.65 
OBL eTOOIn. oer. a aekseet tc 2.04 2.15 — 0.15 1.63 
OAS paleworecneet-as.) saci 1.48 i413 -- --- 1.76 

II. Red lithium-tourmalines. 

Obicrosesred) wees < 6. 1.72 — 0.65 0.24 Lis 
OGcdarkwedrir em oc so 1.83 — 0.42 0.20 Lod 
Ofalichtsred aaah’: sits i. 1.23 — 0.40 0.43 0.11 
OSeroseW eee). fe. ule ss 0.63 —- 0.40 0.39 0.66 
d02mpalesredy =. . ss 3 0.11 0.11 = — APeG 
LS RrOROM ere Lo cee): 0.24 0.19 _— = 1.92 
Obsredcishte s.cs =, mn Ne 0.79 0.52 = a 1.73 
1Ofepaleswteds.) S9. . fhe 0.95 oo = 0.61 0.41 
lOSereddisht: . sc. 0 « % 0.92 = = 0.20 1.22 


One finds of the table that all green tourmalines contain FeO. The highest 
content, 7.07 % FeO is found in a dark-green tourmaline from Auburn 
Maine. All red tourmalines are on the other hand poor in iron in general. 
In some of the analyses Fe is given as FeO, in others as Fe,O5. It is probable 
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that no determination of FeO has been made in any of the analyses, as the 
content of Fe is so low that such a determination is hardly feasible. On an 
average the green tourmalines contain the same amount of Mn as the red. 
The content of Li,O is also about the same. 

There seems certain indications for the following statements. The red 
tourmaline holds all Fe as trivalent and some Mn in a higher stage of oxida- 
tion, This Mn gives the colouring as evidently is the case in heterosite and 
purpurite, though here in fare weaker concentration. An attempt to determine 
higher oxides of Mn in the red tourmaline was however not successful. The 
sample was cooked in a closed flask in autoclave with H,SO, and FeSO,, 
but no oxidation of the ferro-sulphate was perceivable. But as the 
sample was incompletely decomposed, minute contents may not have been 
detectable. 

It seems plausible that the green tourmaline is coloured by FeO. As Fe 
is easier oxidised than Mn, one cannot presume Mn present otherwise than 
bivalent. The bivalent salts of Mn are however so faintly coloured that the 
green colouring of FeO would in this case dominate. The same conditions 
prevail in the lepidolites. A grey lepidolite, (not yet described), contains 1.06 
% FeO. The pink lepidolite holds no bivalent Fe. The content of Mn is 
about the same in both micas. The pink colour would, if an analogy exists 
with the colouring in the tourmalines, be occasioned by traces of Mn in higher 
stages of oxidation, which in absence of FeO is able to make itself valid. It 
is regretable that it has not been possible to make accurate determinations 
of FeO in the tourmalines, which would have been desirable for these con- 
clusions, but repeated trials to decompose the samples with H,SO,, with and 
without HF in closed flasks in autoclave at 10 kg pressure did not bring the 
tourmalines in solution. 

What occasions the blue colouring of the indigolites is more difficult to 
say. Amongst over 100 analyses of tourmalines in DoELTER’s Handbuch der 
Mineralchemie there are only two of blue tourmalines and these are not 
elbaites (Li-tourmalines). The analysis of the blue elbaite from Varutrask 
seems therefore to be without any direct parallel amongst analysed material 
with exception for the indigolite of Uté (Analysis 5, Table 2). The colour 
is even in the same crystal often found to vary from deeper to lighter blue 
shades. The colouring is very similar to that of the manganapatite from 
Varutrisk, even in its finest variations, which would indicate that the same 
substance educes the colouring in both cases. This is in all probability Mn 
in some form or combination.” 


Nearly without exception the vertical zonal structure of the Varu- 
trask elbaites is in its outward circumference represented by a thin 
shell (3—5 mm) of vivid light-green elbaite (verdelite). The core is 
without exception found to consist of a delicate pink to rose-red rubel- 
lite. The central parts are however not as homogeneous as the shell 
zone. More or less irregularly distributed throughout the rubellite, 
streaks or patches of green verdelite are found, which often increase 
towards the upper part of the crystal, till the rubellite ingredient there 
ean be reduced to insignificance. 
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Table 
Schorlites. Indigolitem 
Li 2. 8. 4. 5.5 
Bity S GOST er cic eres len al et 0.01 — — 0.00 0.17 

HOS eo aes 193 369 3.37 2.30 3.8 
SIO io ak tae eer teeeeas ete rest Te 35.76 35.03 34.82 37.30? 36.48 
TT Camas HNP pe tty ent Sener enr 5, ay 0 0.25 — — 0.06 = 
Al ate tale cee MM ere i ose. a 5 fete 34.76 34.44 34.14 37.63 40.08 
PeOnracecan i eer ant es nase — 1.13 — —_— = 
SOM aeioee wonta eit: (ete pal’ cores 12.99! 12.10 14.12 4.53} 3.51 
MnO Rar g rr eek hae ade sits 0.33 0.08 0.24 1.04 0.40 
GHOS Mae eu eet ee. ety 0.00 0.24 — 0.18 trace 
Mp OD ncn ester ged Ohm uefa +, ae 0.58 1.81 0.86 0.00 0.08 
ein) Meee eee eee es hs oa oe 0.11 0.07 0.17 1.05 1.11 
INE es ou ontreg aS GCS RIT 3.06 2.03 2.42 4.24 2.99 
NGAUS 3 lath abate n 0.06 0.25 0.25 0.10 0.86 
Rib Ome ment tie i Camas, 0.00 — — 0.00 — 
(CEAOY ls a Oo ee ee a 0.00 — — 0.00 _ 
IstOR Gee Gen Goo ea Gee ee 10.00 9.02 9.92 10.18 9.74 
LP gi ai Gale Se a ae ae 0.37 — —- 0.77 0.40 
(P20) eM cnc) eee eee — — — _ 0.17 
(OSC. ar aia os ee = — —_ 0.00 = 
log s Mbende ts 5 ene Pe RPh es te — a= — 0.00 — 
IRA Sd ee De ee eee nee — — — 0.00 —— 
COMMER tates fee nies same eer — — = 0.00 = 
100.21 99.89 100.41 99.88 99.84 
(COMLOT MEAS ar iet ie Reh inciugss sb ey & ane 0.16 __0.32 0.17 
100.05 99.56 99.67 

Foy Saab AN Be ge eg as re ea 3.178 3.182 3.110 


1. Schorlite, Varutrask, Anal. TH. BERGGREN. 
2. » , Paris, Maine, Anal. Riaes, Am. Jour. 35 (1888) p. 40. 
oe » , Hibenstock, Anal. Kunirz, Chem. Erde, IV, p. 215. 
4. Indigolite, Varutrisk, Anal. TH. BERGGREN. 
» , Utd, Anal. Nara Santzom, Bull. Geol. Inst. Ups. XV, p. 322. 


The contact between shell and core is in general singularly sharp. 
In hammering loose a zonal tourmaline, the outer green shell shows a 
marked tendency to peel off or crumble away, leaving the central core 
of rubellite intact. Between the green shell and the red core a narrow 
rim of blue indigolite has occasionally been observed. Also in the core 
irregular patches of blue tourmaline are sometimes to be seen, thougk 
of rare occurrence. 

A very marked and singular feature are the capped tourmaline 
crystals. In many cases the uppermost part of a crystal, paralle 
to the basis, is formed of a somewhat loosely affixed cap of homo: 
geneous green tourmaline of a darker tinge than the shell in general 
A cap of a lepidolite plate of 1—2 mm in thickness is also no’ 
unusual. 


1 All Fe calculated as FeO. 
2 Contaminated by some quartz. 
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2. 
Verdelites. Rubel] li te s. 
6. tie 8. 9. 10. all 12. 
BIeOree 100%. % saat 0.00 — 0.00 0.24 — — — 
M,O> 105°. ..... 2.69 4.18 3.02 2.75 3.18 4.26 3.47 
SMe a, 38.10 37.85 38.06 36.70 38.01 38.08 37.89 
BOLO mee Rens. ye wat les 0.09 — 0.02 — — — 0.04 
AOE oe ee 38.50 37.73 41.78 42.99 41.48 42.24 48.85 
EEO ae) ae ae vas a — 0.42 0.035 — 
REO Rh ge hg eh S.a7e B88 — 1.35 0.27 0.26 O.11 
EOS oer oes ce ve 0.46 0.51 0.45 0.28 1.48 0.35 0.11 
|G soe 0.10 0.49 0.72 0.60 0.57 0.56 0.07 
MBO. ee te 0.10 0.04 0.02 0.10 — 0.07 _ 
OE Mh ee yk 1.52 1.34 156 0.89 175 1.59 1.66 
OS Oe 2.93 2.16 2.48 3.36 2.17 2.18 2.43 
GO ty Se ee 0.21 0.62 0.25 0.49 0.21 0.44 — 
SON 0.00 — 0.01 — 
i Ut eA 2 rr 0.00 — 0.00 
PRONE. 4 ys Oe 10.70 10.55* 10.88 10.76 10.51 9.99 10.28 
. 2 | aE ere 0.77 0.62 0.92 0.10 0.96 0.28 0.10 
PO} ee = — 
eee Chareme We cease 0.00 _ 0.00 
OD. = = 
SR ee oe we AK = = 
Do he eg — — — — 
100.04 100.39 100.195 100.61 100.59 100.29 100.01 
miptorah | 4. 208.2 st 0.32 0.26 0.39 0.04 0.40 0.12 0.04 
99.72 100.13 99.805 100.57 100.19 100.17 99.97 
BARS font 3 Ss sew NS 3.065 3.025 3.006 2.997 3.05 


6. Verdelite, Varutrask. Anal. To. BERGGREN. 
ve » , Auburn, Maine. Anal. Riaas, Am. Jour. 35 (1888) p. 40. 
8. Rubellite, Varutrisk. Anal. TH. BERGGREN. 


2. » , Utd. Anal. Natwa Santzoum, Bull. Geol. Inst. Ups. XV p. 322. 
10. » , Mursinsk. Anal. Kunrrz, Chem. Erde IV p. 215. 

ioe » , Rumford, Maine. Anal. Riaes, Am. Jour. 35 (1888) p. 40. 

Rs. » , Elba. Anal. ScHatuEr, Zeit. Krist. 51, p. 323. 


A reiteration of the zonal distribution, wellknown from so many other 
localities and in frequency culminating in the Madagascar tourmalines, 
according to Lacrorx with up to 20 zones, is not developed at Varu- 
trisk. Exceptionally, vague indications of repeated zonal colouring can 
be surmised but hardly more. One may therefore say that at Varutrisk 


a zonal reiteration is all but wanting. 


Chemical composition. 


The four principal types, black, blue, green and red tourmaline, 


have 


been analysed by Miss Taetma Beracren. The result of the analyses 


is brought together in table 2. Some analyses of tourmalines 


with 


similar composition from other localities are given for comparison. 


1 All Fe calculated as FeO. 
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The analyses of Varutrisk-tourmalines correspond to the following 


ratios of the oxides: b 
Na,O F FeO _ ; 

(K,0, CaO) Li,O (MnO, MgO) Al.O, BO; siO, H,O F 

Schorlite ..... 1.04 — 4.18 712 8.00 129.44 2:94 “Olam 
Indigolite. .... 1.49 0.72 1.59 7.58 3.00 12.75 3.49 0.8m 
Verdelite . ..<. 1.00 0.99 1.23 7.37 38.00 12.38 2.82 0.79) 
Rrulbelliteae os) ore 1.06 1.00 0.12 7.87 3.00 . 12.17 3.22 O.ogm 


In 1888 Riaes proposed the following formulas for three marked 
tourmaline-types:1 


1. Li-tourmaline, 2 (Na, Li),O-8 Al,0,-3 B,O,-12 SiO,-4 H,O 
2. Fe-tourmaline, Na,0:4 FeO:7 Al,O,-3 B,O,-12 Si0,-4 H,O 
3. Mg-tourmaline, 3 Na,O- 23 MgO-5 Al,O,-3 B,O,-12 Si0,-4 H,O 


The rubellite of Varutrisk is identical with Riees’ formula for Li- 
tourmaline, on the presumption that F is assumed to substitute H,O. 
The schorlite can be identified with Riggs’ Fe-tourmaline, but contains 
less H,O (even inclusive F). 

MacHatscuHKI has in 1929 from the analyses of PENFIELD and FoorEe 
deduced a general formula for tourmalines: XY,B,Si, (O, OH, F)s:1,.? 
In this formula X represents Ca, Na, K, (Mn) and Y the elements Li, 
Mg, Mn, Fe, Ti and Al. The (O, OH, F)-ratio may vary from 30 to 32.8 
This general formula is confirmed through X-ray analyses. The hexa- 
gonal unit cell contains 3 molecules X Y,B,8i,H,O,;. 

For the Varutrask tourmalines the following general formulas may 
be computed: 


1. Schorlite (Na, K),(Fe, Mn, Mg),Al,,B,Si,2H, (0, OH, F)¢. 

2. Indigolite (Na, K, Ca),Li,.;(Fe, Mn);,;Al,;B,SijsH,(O, OH, F)<s 
3. Verdelite (Na, K, Ca),Li,(Fe, Mn, Mg)Al,;B,Si,.H,(O, OH, F),3 
4. Rubellite (Na, K, Ca),Li,Al,,-B,.SijsH.(O, OH, F).5 


These formulas agree well with the general formulas, given by 
MacHatscHkI, with exception for indigolite, which shows a higher 
(Na, K, Ca)-ratio. The higher ratio for Si and O in the same formula is 
without doubt caused by some contamination by quartz. The formula 
above for indigolite has therefore been recalculated with deduction for 
Si and O from 8i,; and O,; to Si,, and Ogs. 

Macuatscukt has assumed for the different tourmaline-types “neben 
der allgemeinen Summenformel, spezielle Summenformeln in welchen 
sich im Rahmen der allgemeinen Formel die isomorphen Vertretungen 


1 Am. Jour. 35 (1888), p. 50. 2 Zeit. Krist. 70, p. 214. 
8 Chem. der Erde 6, p. 253. 
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mit jeder gewiinschten Genauigkeit fiir den Einzelfall darstellen lassen” 
Relating to “Die Formeleinheit des Turmalins’ Macwatscuxt has given 
28 such special formulas.? 

In order to equalize these special formulas, the formulas given for the 
Varutrask-tourmalines have been multiplied with the factor 1.5. The 
formulas may then approximately be written as follows: 


1, Schorlite, Na,;Mg,Al,,B,Si,,H,O,, 
2. Indigolite, Na,Li,Mg,Al,,B,Si,;H,O,,; 
3. Verdelite, Na,Li,Mg.Al,.B,Si;,HyOo, 
4. Rubellite, Na,Li,Al,,B,Si,,H,Oo4 


The formula given for schorlite is (but for the H-quantity) identical 
with a special formula given by Macuarscuxt and computed from ana- 
lysis 2 in table 2, Formulas, which are identical with the composition 
of verdelite and rubellite of Varutrisk (but for the H- and O-ratios) are 
included in Macnatscukt’s suite of formulas and computed from analysis 
n:o 7 (verdelite) and n:o 11 och 12 (rubellite). The indigolite-formula, 
however has no exact analogy. 

According to Kunirz the tourmalines are members of different iso- 
morpheous series, The most important are: 


1. Dravite-series. 
Endmembers: Dravite, (Mg-tourmaline) H,Na,Mg,Al],.Si,.B.0¢2 
Schorlite, (Fe-tourmaline) H,Na,Fe,Al,.$1,.B.0¢. 


2. Rubellite-series. 
Endmembers: Rubellite, (Li-tourmaline) H,Na,(LiA1),A],.81,.B.0¢e 
Schorlite, (Fe-tourmaline) H,Na,Fe,Al,.Sij2B.O¢e 


An Al-richer component H,Na,(Fe, Mg);Al,48i,,B,O¢. completes the 
two isomorpheous series, forming a three-phase-system. Other series 
follow, characterised by a substitution of the atom-group (NaAl) for 
(CaMg) and further Fe for Mn. As a support for this theory Kunrrz 
shows a relation between optic properties and spec. gravity on one 
hand and chemical composition on the other hand, in his diagram re- 
presented by straight lines. 

As all Varutrask tourmalines are more or less Li-bearing, they should 
be referred to Kunrrz’ rubellite-series. But it is difficult to fit them 
into his isomorpheous series. The black tourmaline with a small Li- 
quantity is to be looked upon as an all but pure Fe-tourmaline. This 
tourmaline, however, cannot be compared with Kunrrz’ schorlite- 
molecule H,Na,Fe,Al,,B,Si;20¢2, on account of its higher Al-content and 


1 Chem. der Erde 6, p. 254. 2 Zeit, Krist. 70, p. 219. 
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lower Fe-content, nor is the black tourmaline identical with Konia” 
Al-richer component H,Na, (Fe, M);Al,4BeSi;1062.. The Varutraisk-— 
rubellite contains no Fe and an inconsiderable quantity Mn, and may 
therefore be looked upon as a pure Li-tourmaline. There is, however, | 
some difference to Kunitz’ 
rubellite molecule through a_ 
higher Al-content. ; 

If complete isomorphism exists, — 
one could eventually assume a 
series (Na, K, Ca), (Li, Al), Ah 
B,SizH. (O, OH, F)ge+, and 
(Na, K, Ca), (Fe, Mn, Mg), Al,Be 
SijzHx (O, OH, F)ggsi1. It may,) 
however, be doubted, whether | 
these systems of complete iso- 
morphism correspond to all sub- 
stitution possibilities of the ele- 
ments in the tourmaline mole- 
cule. The 28 special formulas, 
given by MAcHATSCHKI, give a 
good idea of the complicated 
. problem. It is especially the 
variable Al-quantity in this suite 
of formulas, which is of interest. 
Within the FeMg-tourmalines 
Fig. 5. Diagram showing relations Al,0, : RO Mg Al varies plete a aaa 
of analysed Waidtrian ie NTO (encircled and Mg,Al,s. In Mg the elements 
dots), and of analyses according to table 3. (Fe, Mn, Mg, Li) are included, 

which all substitute Al, though 
mutually in variable proportions. There seems however to be an 
established relation between Al and the elements just named. SCHALLER? 
has proved a reciprocal relation between Al,O, on one hand and RO 
on the other. RO = FeO, MnO, CaO, MgO, K,0, Li,O, Na,O, HO 
(exceeding 3 molecules H,0). 

With decreasing content of Al,O, continually increasing values of RO 
follow and vice versa. In diagram ScHaLLER has shown, that the rela- 
tion is a straight lined function. In the following modified diagram 
(fig. 5), the relation Al,O,: RO is given. CaO, Na,O and K,O have, 
however, been deducted from RO, as Ca, Na and K cannot according 
to MAcHATSCHEI substitute Al. 


Mol. AlzO3 


1 Zeit. Krist. 51, p. 336. 
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Table 38. 


1. Rubellite, Elba.t (Anal. 12, table 2), 

2. » , Minas Geraes, Brazil (Brazil A). 

3. » » Rumford, Maine (Rumford A).? (Anal. 11, table 2). 
4. » » Mesa Grande, Cal. 

5. » , Varutriisk. (Anal. 8, table 2). 

6. » , Mursinsk. Siberia.* (Anal 10, table 2), 
7. Verdelite, Mesa Grande, Cal. 

8. Rubellite, Penig, Saxony, Germany.® 

9. » , Nertschinsk, Siberia.® 

10. Verdelite, Brazil.* 

ibe » , S. W. Africa.’ 

ip » , Minas Geraes, Brazil (Brazil B).* 

a3. » , Auburn, Maine (Auburn A).? 

14. » ,» Haddam Neck, Conn.® 

15. » , Barrado Perahy, Brazil.‘ 

16. » , Varutriisk. (Anal. 6, table 2). 

ve » ; Minas Geraes, Brazil (Brazil C).* 


18. Indigolite, Varutrisk. (Anal. 4, table 2). 
19. Schorlite, Ramona, Cal.t 


20. » », Ural? 

21. » , Varutrisk. (Anal. 1, table 2). 
Dy » , Paris, Maine.* (Anal. 2, table 2). 
23. » , Eibenstock, Saxony.? (Anal. 3, table 2). 
24. » , Epprechtstein.? 

25. » , Auburn, Maine. (Auburn D).? 
26. » ,; Pedretto.® 

248 » , Alabaschka, Siberia.* 

28. » , Spessart, Bavaria.® 

29. » » Lost Valley, Cal.t 

30. » , Bamle, Norway.® 

dl. » , Minas Geraes, Brazil (Brazil D).* 
32. » , Hérlberg.® 

wo. » , Piedra Blanca, Mexico. 

34. » ; Haddam, Ct.? 

35. Dravite, Nantic Gulf, Baffin’s Land.*? 

36. »  , Dekalb, N. Y.* 

He »  , Hamburg, N. J2 

38. » , Gouverneur, N. Y.? 

39. » , Monroe, Ct.? 

40. » , Orford, N. H.? 

41. » , Pierrepont, N. Y.? 


There evidently exists a distinct connection between chemical com- 
position and optical-physical properties. In 1900 WULFING® showed 
such a relation between on the one hand spec. gravity and birefringence 
and on the other hand the Fe-quantity in the tourmalines. 

According to Kunrrz’ the relation between chemical composition and 
optical-physical properties is a straight-lined function. As mentioned 


1 SonauuerR, Zeit. Krist. 51, p. 321. 

2 Riags, Amer. Jour. 35 (1888), p. 35. 

3 Kunitz, Chem. Erde 4, p. 208. 

4 Jannascu-Kaup, Ber. chem. Ges. 22, p. 16. 

5 PenrreLD-Foors, Zeit. Krist. 15, p. 337. 

® Programmschrift der K. Wiirt. Akad. 1900, p. 91. 
7 Chem. Erde 4, p. 218. 
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Weight-% 


3.00 


n—> Spec. gravy. —> 


Fig. 6. Diagram showing relations Al,O, to refringence and spec. gray. in analysed Varu- 
triisk tourmalines, (encircled dots), and in analyses according to table 3. 


above, Kunitz assumes the tourmalines to be members of different 
isomorpheous series for which reason the chemical composition in the 
diagrams are expressed in percentage of the endmembers of respective 
series. The chemical composition, however, seems to be given a better 
expression by directly indicating the percentage of respective elements 
in the analysis than by indicating the molecular’ proportions, which 
must be more or less hypothetical on account of the complicated sub- 
stitution conditions in the tourmaline molecule. According to private 
information from Dr. Kunirz he has found better use for the latter 
method in the graphical description of his later works. 
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Fig. 7. Diagram showing relations FeO to refringence and spec. grav. in analysed Varu- 
trask tourmalines, (encircled dots), and in analyses according to table 3. 


As mentioned a reciprocal relation is to be found between Al,O, and 
RO. Al,O; appears in ScHALLERS diagram! as the only component 
against all bases included in RO (cfr fig. 5). According to SCHALLER 
Al,O; seems to be the best expression for chemical composition in 
graphical version. In the following diagrams the spec. gravity and the 
indices of refringence are represented in relation to the Al,O,-quantity 
(fig. 6). The numbers refer to tourmaline analyses as registered in 
Table 3. The encircled dots signify the Varutriisk-tourmalines. 

The highest Al,O,-values (up to 44 °%) exist in the Li-tourmalines. 
Increasing FeO follows with decreasing Al,O;. The FeO-content reaches 
its maximum at about 35 % Al,O;. With further decreasing Al,O;, Mg 
_and Ca enter into the molecule instead of Fe. Spec. gravity and indices 


1 Zeit. Krist. 51, p. 336 and 340. 
6—390060. G. F.F. 1939. 
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of refraction show a maximum about 33—34 °% Al,O;. These properties 
therefore can be looked upon as functions in the first place of the FeO- 
content, which is given in the diagram fig. 7, showing a continual in- 
crease of refringence, birefringence and specific gravity with increasing 
FeO-quantity. The values of the Varutrisk-tourmalines seems to follow 
the straight-lined functions rather well. Other values, however, show 
considerable deviations. Naturally one property cannot be a continual 
function, as dependent on influences of not only the FeO-content, but 
also secondarily of other elements, the quantity of which changes in 
the tourmaline-molecule within the bounds of the formulas given by 
Macuatscukr. Especially Ca and Mg may influence the optical and 
physical properties of the tourmaline. As mentioned above an in 
creasing Mg-quantity causes decreasing refringence and spec. gravity. 
According to Kunttz it seems, however, as if a substitution of Na by 
Ca would give higher values. In some cases the deviations in the 
diagrams can be explained in this way (high Ca-content — high values 
of refringence in number 4, 7, 14, 20, diagram, fig. 7). But in spite of 
low Ca- and relatively high Mg-content the numbers 23, 24 and 25 
show higher values for refringence than expected. Number 1 with a 
low Ca-content shows abnormally high refringence. It is, however, 
difficult to explain the causes of these abnormal conditions on the ac- 
count of the complex constitution of the tourmaline. There may be a 
co-operation between the factors mentioned above and other factors 
not known, which influence the optical properties in the different cases. 


Alterations of the Varutrask tourmalines. 


Of the different subspecies of tourmalines at Varutrask the red 
elbaite or rubellite to all evidence most readily succumbes to varying 
phases of alteration. Already in an earlier publication of this seriest 
the mineral cookeite was described as occurring in well preserved 
pseudomorphoses after rubellite. It was then said that only two 
examples of such pseudomorphoses had been observed. Since then 
manifold occurrences of such alteration processes have been found in 
the Varutrisk pegmatite. The rubellite has also according to later 
observations been found to alter into lepidolite, which then formes a 
finegrained, granular, nearly colourless mass with stray fragments of 
fresh tourmaline dispersed throughout the secondary mica. Under the 
microscope larger rubellite individuals can be seen to be penetrated by 
slender veins of lepidolite, evidently denoting and connected with a 


1 P.QUENSEL, On the occurrence of cookeite, G. F. F., 59, 1937, p. 265. 
2 Am. Min., 15, 1930, p. 356. 
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8. Hrepiunp photo. 


Fig. 8. Myrmekite, replacing rubellite core in zonal elbaite with scattered relics of 
unchanged rubellite. Varutrask. 85 x 1. Nicols crossed. 


commencing alteration process. In the veins of this category the lepi- 
dolite is often developed in a very fine-grained to cryptocrystalline 
form. Optical determinations of coarser-grained lepidolite in the same 
vein material gave 2V = 35°, ya = 0.030. Fraser has from the 
pegmatite of Newry described analogous alterations. 

It is, however, the zonal tourmalines which show the most interesting 
stages of often fargoing alteration processes, resulting in replacements 
of a new and unforseen character. 

As mentioned above, the zonal tourmalines of Varutraisk exhibit in 
their best development a thin green shell of verdelite enveloping a 
sharply bounded inner core of rubellite. In a number of such zonal 
crystals the red core is found to be more or less completely replaced. by 
a singular myrmekitic intergrowth of quartz and albite, as shown in fig. 8. 
Megascopically one can observe how fragments of fresh rubellite are 
still to be found dispersed throughout the quartz-albite symplektite. 
The green shell has in every case remained intact, under the microscope 
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Fig. 9. Zonal elbaite with marked ring of verdelite and core of rubellite, partially re- 
placed by myrmekite. Varutrask. 9 x 1. 


appearing as a well-defined, all but colourless and unpleochroitic bordet 
round the altered core, (Fig. 9). In the core one may, besides larger 
fragments of rubellite, observe innumerable smaller relics of the core 
tourmaline with uniform optical orientation in a groundmass of myrme- 
kite. In places the tourmaline can still be seen preserved as a frame: 
work, the myrmekite invading and replacing the rubellite in any pro: 
portions, till at last only a network of optically uniformly orientated 
microlites remains imbedded in the delicately textured quartz-albite 
symplektite. (Fig. 10.) It is significant that the optical orienta 
tion of the verdelite shell, the larger fragments of rubellite and th 
skeleton microlites of the same is nearly without exception in ful 
coincidence. 

The most remarkable fact, relating to the alteration process iI 
question, is however the textural development of the secondary cor 
replacement. The whole aggregate of small albite grains is to a larg 
extent intergrown with slender quartz fibres in uniform optical orien 
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S. HEpLuND photo. 


Fig. 10. Myrmekite replacing rubellite in zonal elbaite, with skeleton relics of rubellite 
in uniform optical orientation. Varutrask. 130 x 1. Nicols crossed. 


tation. The texture of the intergrowth is in every detail myrmekitic, 
(fig. 11). The albite is often twinned after the albite law and then 
shows a maximal extinction of 15° in the symmetrical zone, indicating 
a composition Ab,,An,. Fig. 12 shows the myrmekite in relation to 
the twinning lamellae. 

It is not alltogether easy to explain the origin or the progressive 
development of the core filling. Though fully resembling the myrmekite 
of many archaean granites both in relation to composition and texture, 
the traditional explanation of the formation of myrmekite as a quartz- 
albite invasion into orthoclase or microcline is in the present case not 
applicable. Before discussing the probable or possible origin of the 
myrmekitic intergrowth it will perhaps be opportune to dwell on the 
alterations and replacement processes in general, to which the kernal 
parts of the zonal tourmalines have been exposed. 

In the first place it may then again be emphasized that the outer 
green shell of verdelite has wholly resisted the invasive solutions. No 
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S. HEDLUND al 


Fig. 11. Complete replacement of rubellite core by myrmekite in zonal elbaite. Verna 
130 x 1. Nicols crossed. 


r) 


signs of alteration or corrosion are to be observed either on the oute 
or inner rims of the enveloping shell. The inner contact between she 
and core is also singularly sharp with every indication of representing 
the primary boundary. On the other hand, the kernal part of rubellit 
has to all evidence readily succumbed to the active forces of the solu 
tions. To begin with we were inclined to assume that the developmen 
of the altered zonal tourmalines was the result of two different and con 
secutive processes, one resulting in a complete or all but complet 
excavation of the rubellite core, the other involving a precipitation o 
quartz-feldspar material from later solutions. Observations under th 
microscope are however not in accordance with such a sequence in th 
process of alteration. Especially the fact that the microlites of rubellite 
still retained in the altered core, show uniform optical orientation, whic! 
conforms with the orientation of the outer verdelite shell, is not con 
sistent with the idea of a preceeding complete excavation of the in 
terior. The excavated interior of the zonal tourmalines of Chesterfielé 
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8. HEDLUND photo. 


Fig. 12. The same phenomenon as in fig. 11, but showing myrmekite structure uniformly 
transversing albite twinning. Varutrisk. 130 x 1. Nicols crossed. 


Mass., as described by Dana,! which we first thought might represent 
a parallel to an initiative stage in the alteration of the Varutrask zonal 
tourmalines, can hardly be taken to indicate any analogy here in the 
sequence of replacement. Instead an explanation must be resorted to 
involving an all but complete successive replacement of the core, in- 
cluding a leaching of the primary rubellite and a contemporaneous de- 
position of new quartz-feldspar material, whereby rests of the original 
rubellite core were not further influenced by the process of substitution 
than that they could retain their original position as seen by their 
uniform optical orientation. (Fig. 10.) 

We may now return to the question as to the mode of deposition of 
the quartz-albite material in myrmekitic intergrowth in the kernal part 
of the altered zonal tourmalines. It seems hardly possible to explain 
the formation of the symplektite in the case before us otherwise than 


1 System of Mineralogy, 6th edition, p. 557. (First mentioned in 4th edition). Accord- 
ing to a friendly communication by letter from prof. Forp probably an unpublished 
personal observation of Dana. 
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as originally so formed in place. There are no indications that secondary 
reactions after the replacement have in any way contributed to the: 
myrmekitic development of the quartz-albite material. As known, 
different opinions have been offered as to the primary or secondary 
nature of the usual development of myrmekite in acid eruptives. BECKE 
came to the conclusion that “die Myrmekitbildung sich in einer Phase 
der Gesteinsbildung zu vollziehen scheint, die sich unmittelbar an die 
Erstarrung anschliesst, also zu einer Zeit, wenn die Temperatur noch 
die Erstarrungstemperatur nahe steht und noch Lésungsmittel im 
Gestein vorhanden sind.’’* SmDERHOLM comes to very nearly the same 
conclusion, which he summerises as follows: “Primary or secondary 
origin of the myrmekite. The authors who have discussed the petro- 
genetical question have arrived to widely different conclusions. In 
several cases they have also changed their opinions as they have gathered 
more evidence. — It has already been emphasised that myrmekite 
cannot be regarded as primary in the strictest sense of the word, since 
it has crystallised within the borders of another mineral, replacing its 
substance. — Another question is whether the myrmekite is a product 
of the plutonic activity connected with the consolidation of the magma 
of the rock in which it occurs, or a formation of later date. — I have 
here accounted for a number of observations, which seem to prove 
beyond doubt that the myrmekite of certain rapakivi granites, and also 
of older pre-Cambrian rocks, has been formed before the final consolida- 
tion of all the mineral constituents of the magma’. EsKoLA agrees 
with the opinions of Breckr and SrDERHOLM but adds that “it seems 
probable that the myrmekite may have originated already during the 
process of consolidation’. — Kap‘ and SyrratsKy® on the other hand 
assume a genuine and primary magmatic origin of myrmekite, whereas 
Tronquoy’ comes to the conclusion that “la production de la myrmékite 
est donc une phénoméne secondaire d’origine profonde et, sans doute, 
un mode spécial d’albitisation”’. 

As seen by the works cited, the origin of myrmekite is a matter of 
rather diverging opinions. This is however to a certain extent due to 
different interpretations of the terms primary and secondary formation. 
SEDERHOLM is aware of this fact and says relating theretoo: “it would 
be advisable to discriminate between such metasomatic changes which — 
belong to a later period of metamorphism, i. e. are secondary in the 


1 Uber Mineralbestand und Struktur der kristallinen Schiefer, Denkschr. d. Akad. der 
Wissensch., Math.-Naturw. Klasse, 65, 1913, p. 134. 

2 Bull. Comm. Geol. de Finland, 48, 1916, p. 138. 

3 Bull. Comm. Geol. de Finland, 40, 1914, Pp. 27. 

4 Petrogr. Unters. am Granit von Bornholm. Inaug. Diss., Greifswald 1914, p. 45. 

5 Explorations géol. dans les régions auriféres de la Sibérie. Livr. 9, 1913, p, 137: 

6 Origine de la myrmékite, Bull. Soc. frangais de Min., 35, 1912. p. 214. 
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strictest sense of the word, and those which have taken place in direct 
continuation of the consolidation of the magma of the rock itself”, 
For the latter SepERHOLM proposes the name deuteric, as distinct 
from secondary changes, sensu stricto. 

In the case before us a discrimination will also be found necessary 
in discussing the primary or secondary nature of the myrmekitic tex- 
tures. In the first hand the whole alteration process is naturally of a 
secondary nature in respect to the tourmaline-cleavelandite epoch of 
mineralisation. On the other hand, the crystallisation of the quartz- 
albite symplektite, substituting the kernal rubellite in the zonal tour- 
maline, can hardly in situ represent anything else than a primary mode 
of deposition. As already mentioned, no indications of any secondary 
exchange of material after the first solidification or reactional inter- 
change between the mineral components of the kernal filling are to be 
observed. The myrmekite may therefore here most probably be said 
to represent a primary crystallisation in a secondary process of decom- 
position. The sentence of TRonquoy, cited above, “la production de 
la myrmékite est — — — un mode spécial d’albitisation”, seems most 
adequately to picture the mineralisation process here in question. 

There are not many references published concerning altered zonal 
tourmalines or intergrowths between tourmaline and quartz-feldspar 
material, which indicate any closer relationship to the replacement proc- 
esses, described above. The black tourmaline of Port Henry, N. Y., 
containing a core of feldspar (orthoclase?), represents according to 
WitiraMs! a contemporaneous crystallisation. Kemp? is of the same 
opinion, assuming a primary eutectic solution of both components. 
ScHaLier,? who has also discussed the occurrence, presumes that the 
tourmaline has partly replaced the feldspar. In any case there is no 
direct analogy to the conditions or circumstances at Varutrask. 

HERMANN CREDNER describes in some detail orientated intergrowths 
between tourmaline and quartz or tourmaline and a quartz-feldspar 
mixture from Wolkenburg in Sachsen. Black tourmalines are said to 
contain “einen weissen Quarzkern von rundlichem oder sechsseitigem 
Querschnitt, dessen Prismenflichen in letzterem Falle denen des Tur- 
malins entsprechen. Dann stellt letzterer einen hohlen sechsseitigen 
Cylinder mit bald schwicheren bald stiirkeren Wandungen vor, dessen 
Inneres mit Quarz, zuweilen aber auch mit einem Gemenge von diesem 
und Feldspat, also mit feinkérnigem Nebengestein ausgefiillt ist.” A 
little further on CREDNER speaks of “eine zartwandige, von Quarz und 


1 Am. Journal of Sc. 11, 1876, p. 273. 
2 Keon. Geol. 19, 1924, p. 710. 
8 Am. Journal of Sc. 10, 1925, p. 278. 
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Feldspath ausgefiillte sechsseitige Turmalinréhre.”* The formation 
the intergrowths and kernal filling is interpreted as a parallel to the 
perimorphoses or “Kernkristalle”’ of ScoeereR. Under the latter nam 
Kwor has described tourmalines with a “Quarz-Albite-Kern” from 
Auerbach of much the same development.? Both CREDNER and Knol 
consider, however, the intergrowths as the result of contemporaneow 
crystallisation, “Es ist augenscheinlich, dass sich die Krystallisations 
kraft des anschliessenden Turmalins der sich zu gleicher Zeit aus 
scheidenden Quarz- und Feldspatmolekule bemichtigte und sie in des 
sen Formen zwang”. We have from the old descriptions not been abl 
to form a definite opinion, if any comparison can be drawn between th 
phenomena related by Crepner and Kwnop from Wolkenburg an¢ 
Auerbach and the kernal composition of the zonal tourmalines of Varu 
trisk. 

Of other replacement products, associated with the quartz-albit 
symplektite in the rubellite cores of the zonal tourmalines of Varu 
trisk, lepidolite, cookeite and topas may be named. Narrow veins 6 
lepidolite and cookeite occur relatively abundantly in the kernal filling 
sometimes also found transversing the myrmekitic symplektite, indi 
cating a continued invasion of the lithium micas after the consolidatio 
of the myrmekite. Topas is sparingly distributed amongst the othe 
replacement minerals. 

In some cases indications of a later secondary alteration are to b 
observed in the core substance. The albitic ingredient of the myrmekit 
is then found altered to a weak birefringent kaoline mineral of a dirt 
yellow colour, which probably is halloysite. 

Excepting the red varieties of the elbaites, the other tourmalines ¢ 
the Varutrask pegmatite have in general effectively resisted later alte 
ration. Where cleavelandite, lepidolite and late quartz have invade 
earlier parts of the pegmatite, preexisting tourmalines have remaine 
intact, in aggregated masses now inclosed in the later minerals. Onl 
exceptionally one may observe insignificant indications of corrosion i 
connection with cracks in the tourmaline crystals, filled with cleav 
landite, lepidolite or quartz. 


Mineralog. Dept., Univ. of Stockholm, December 1938. 


1 Zeitschr. d. Geol. Gesellsch., 1875, p. 182. 
2 Neues Jahrb. f. Min., 1858, p. 33. 
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The Gold-Copper-Arsenic Ore at Holmtjirn, Skellefte District, 
N. Sweden. 


By 
Otor H. Opman. 


(M. 8S. received July 26th, 1938.) 
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[nitro d we tion: 


In a paper in the last volume of this Journal (1) the author gave a 
brief account of some of the mineral associations of the Boliden deposit 
in the Skellefte District. One of the more outstanding features of this 
interesting deposit is the occurrence of massive, fine-grained arseno- 
pyrite ore in large bodies. In the Skellefte District, which forms a rather 
distinct geological unit, arsenopyrite ores, more or less of the Boliden 
type, are fairly common, and they have been found in several deposits. 
As a rule they form lenses of varying size in later sulphide ores of 
different character. In some cases, as for instance at Ostra Hog- 
kulla (2, p. 5), the arsenopyrite ore occurs only as small, rounded 
inclusions in a complex sulphide ore. 

The Holmtjirn Mine, situated some 55 km N.W. of Boliden, is one of 
those deposits where arsenopyrite in some parts of the ore body is the 
predominant component. The deposit was found already in 1924 and 
was mined by the present Boliden Mining Company in 1924—26. It iS 
of interest to note that the deposit actually outcropped through the 
cover of drift — a case not very often met with in the Skellefte District 
with its usually very heavy overburden. 
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During his work at Boliden the author has had reason to carry out 
comparative studies of the ore from Holmtjarn (and other deposits as_ 
well), studies which in this particular case mainly were carried out in 
the laboratory on specimens and microscopic sections, and only to an 
insignificant part in the field. 

It was found that there were some striking similarities between the 
ores at Boliden and at Holmtjirn as regards geological appearance and 
paragenesis. On the other hand there are in many respects dissimilari- 
ties, pointing to a somewhat different mode of origin of the Holmtjarn 
ore. As the results of the investigation are thought to be of some inte- 
rest as a contribution to the knowledge of the ore deposits of the Skellefte 
District in general, and of its arsenic ores in particular, it was found 
worth while to publish this paper. 


Geologic Setting. 


In a recent publication (3) A. HéeBom describes the general pre- 
Cambrian geology of the Skellefte District, and there he also gives some 
information about the geology around Holmtjirn. Most of the informa- 
tion, regarding the geology of the mine and its surroundings, given below, 
have been taken from H6e@Bom’s paper and from a paper by the late 
Chief Geologist, Dr. O. BAEcKSTROmM (4). 

The geology at Holmtjarn is characterized by the prevalence of acid 
volcanic rocks. They are nearly all quartz-porphyritic and also to a 
large extent agglomeratic and tuffaceous. The rocks in a fairly large 
area around the mine are strongly altered to sericite-schists, or to 
chlorite-schists in some places, and have gone through an intense 
shearing, resulting in a marked linear schistosity. 

A yellowish gray sericite-schist, showing quartz phenocrysts and a 
faint vestige of an agglomeratic structure, forms the immediate wall 
rock in the mine. The alteration is rather advanced and there are no 
traces of primary textures, or such minerals as feldspar. The rock is 
mainly composed of quartz, sericite, some chlorite, and weak disse- 
minations of pyrite, sphalerite and gold. At Holmtjarn the alteration 
never proceded as far as it did at Boliden, where it resulted in the for- 
mation of extreme andalusite- and sericite-rocks. Andalusite was never 
encountered in the sericite-schists at Holmtjarn. 

Only 1—2 km N.E. of the mine there occurs a large massive of the 
oldest pre-Cambrian granite, the Jérn granite. The granite intrudes the 
volcanics and has caused some metamorphism along the contact, but 
to what extent it can be considered as the source of the ore-bearing 
solutions which formed this deposit — and other deposits in the 


Bd 61. H. 1.] ‘THE GOLD-COPPER-ARSENIC ORE AT HOLMTJARN. 93 


district (including Boliden) — is still a problem awaiting its definite 
solution. 

The volcanic rocks are folded, the general trend of the folds and the 
schistosity being N.W.—S.E. At the mine the sericite-schist shows a 
distinct linear schistosity, pitching about 70° N.W. The ore follows this 
structure which evidently controlled the course taken by the ascending 
ore solutions. 


Ores. 


The following figures, referring to size and grade of the ore body, 
are taken from the publications by Barckstr6m (4, p. 47) and Hée- 
BOM (3, p. 87 and 116). 

As mentioned above the ore body outcropped through the drift. The 
outcrop was deeply weathered and was composed of a gossan of mainly 
quartz and a brownish yellow or greenish material, containing massive 
lumps of unweathered copper-arsenic ore. To some extent it was com- 
posed of hydroxides of iron, but there were also present cellular and 
botryoidal masses of green or brownish minerals, probably mainly 
arsenious oxidation products. In the lumps of ore covellite occurred in 
microscopic blebs. An analysis of an ore lump gave 1165 gram (37.5 
oz) Au to the ton and 5 942 gram (191.7 0z) Ag to the ton. The stripp- 
ing of the gossan disclosed an ore body about 8 sq. meters in area with a 
gold-copper-arsenic ore in the hangingwall portion and 
a pyrite ore in the footwall portion. The ore body diminished 
rapidly in size and petered out already at a depth of 30 meters. It was 
oval-shaped in plan and evenly wedge-shaped in section. 

The upper portion of the unweathered copper-arsenic ore ran about 
100 gram (3.2 oz) Au, but the grade increased towards the bottom 
where at 23 m the ore carried 542 gram (17.5 oz) Au. The content of 
silver at the corresponding depth was 858 gram (27.7 oz). 

Close by there was found another small ore body composed of pyrite 
with sphalerite and Pb-Sb-minerals, running fairly high in gold and 
silver. 

The gold-copper-arsenic ore is a compact, heavy 
sulphide ore with arsenopyrite as the dominating component. The 
colour is gray, but it has an unusual bluish tinge, quite different from 
other arsenic ores in the Skellefte District. Because of this unusual 
colour the author had a sample of almost pure arsenopyrite analysed 
in order to check the Fe-As-S proportion. The result was, however, 
in good accordance with the theoretical composition of arsenopyrite. 

The copper-arsenic ore is in some cases comparatively coarsegrained, 
and individual grains 2—3 mm in length have been noticed. Usually, 
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however, the ore is more finegrained, although dense arsenic ore of the 
Boliden type has never been observed at this locality. 

The ore is brecciated by chalcopyrite which occurs in veinlets and 
schlieren, penetrating the ore in an irregular manner. The welldefined 
fissures and breccias with sharp-edged inclusions which so often occur 
in the arsenic ore at Boliden are never met with here. Aggregates of 
pyrite grains are often found in the replacing veins of chalcopyrite. Also 
gold and boulangerite have occasionally been seen. 

On polished surface the copper-arsenic ore in some cases appears 
to be strongly fractured. The microscopic study shows this to be 
of common occurrence, and, asit has some bearing on the sequence 
of the ore deposition, it will be discussed in a following chapter. With 
the unaided eye one merely sees a network of small fractures and 
occasional zones, along which the fracturing seems to be particularly 
emphasized. 

The pyrite ore is on the whole fine-grained, although here and 
there clusters of coarser grains are noted. Its colour is yellowish gray. 
Megascopically there is very little of interest to be seen in it, and only 
with the aid of the microscope further particulars can be gained. Some 
specimens show a fairly large amount of chalcopyrite; pyrrhotite was 
noticed only in one case. 

As regards the relation of age of the ores, informations can no longer 
be obtained in the mine, and one is restricted to the evidence a study 
of specimens and microscopic sections can furnish. Several observa- 
tions rather unanimously indicate that the copper-arsenic ore is the 
oldest formation, and that pyrite, accompanied by chalco- 
pyrite, gold and a large number of other minerals, were brought in later, 
forming a second epoch of mineralization. 


Paragenesis. 


General Statement. 


The paragenetic relations at Holmtjairn are much simpler than at 
Boliden, and the minerals present in the Holmtjarn ores are much fewer. 
The elements represented are on the whole the same, although some im- 
portant differences are noticed. Minerals with Te and Se have, for 
instance, not been observed at Holmtjirn. At Boliden such minerals 
were typical in the quartz-tourmaline ore of the second stage of ore 
deposition (1, p. 138), a mineralization which has not been found 
at Holmtjiirn. Neither Co-, nor Ni-minerals have been found. Bi is 
present, but it is much rarer than at Boliden. 
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Pb and Sb minerals occur at Holmtjirn but not as abundantly or 
in the same variety as at Boliden. Of interest is that Sn, which in the 
form of stannite is a rare constituent of the pyrite ore at Boliden, at 
Holmtjiirn occurs comparatively often, also as stannite. In this connec- 
tion it is recalled that S. Gavexin in a recent paper (2, p. 6) mentions 
the occurrence of stannite in the complex sulphide ore from the Ostra 
Hégkulla mine, and traces of Sn in the ore from the Bjurliden mine, 
situated some km S, of Holmtjirn. 

As regards the gangue minerals some important differences can be 
pointed out. Quartz, rutile and apatite are common minerals in the 
arsenic ore at Boliden, but in the ores at Holmtjarn only some quartz 
and very occasional grains of rutile are present. Apatite has not been 
identified with certainty, only few grains of a mineral similar to apatite 
having been seen. Plagioclase, which was often met with at Boliden, 
for instance, in the pyrite ore, or in close connection therewith, and also 
in the arsenic ore, was never observed at Holmtjirn. Sericite and 
chlorite occur, but are on the whole not very common. Slender needles 
of tourmaline were often seen in the pyrite ore and occasionally also in 
the copper-arsenic ore. 


Copper-arsenic Ore. 


Arsenopyrite is the typical and predominant mineral in this 
ore and it occurs in comparatively coarsegrained aggregates in which the 
individual grains sometimes show a tendency towards idiomorphism. 
This is particularly noticeable in such places where the arsenopyrite 
grains are sparsely set, forming a framework in which chalcopyrite 
generally fills the interstices. Occasionally there have also been found 
textures which to a certain degree resemble the characteristic filled pores 
or »druses» in the arsenic ore at Boliden (1, p. 130). At Holmtjirn they 
are rare and are filled exclusively with chalcopyrite. In other cases the 
arsenopyrite is more finegrained and the individual grains lack any 
indication of crystal habit, displaying in polarized light an irregularly 
»flamy» texture. 

The arsenopyrite has been extensively replaced by a number of differ- 
ent minerals, among which we especially note chalcopyrite, but also 
boulangerite, tetrahedrite, sphalerite and others. The replacement 
stands in part in connection with the fracturing of the arsenic ore, men- 
tioned on p. 94. In microscopic sections of the fractured ore the large 
srains of idiomorphic to hypidiomorphic arsenopyrite are no longer pres- 
ent, and in their place one finds rounded grains enclosed in a thin net- 
work of sericitic material, or minerals as chalcopyrite and boulangerite 
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ete. (Fig. 1.) With Nicols crossed, some arsenopyrite grains show hetero: 
geneous optical orientation, and it seems that the large, original arseno: 
pyrite crystals have not only been fractured, but the broken pieces have 
evidently also been displaced during the fracturing. The fractured zones 
offered suitable ducts for solutions which replaced the arsenopyrite ane 
deposited the variety of other minerals. + 

The replacement resulted in varying textures, some of which display 
a very intimate intergrowth between arsenopyrite and the metasome. 
The figures 2—8 portray some of these replacements. — Very often the 
interior parts of an arsenopyrite individual is attacked by chalcopyrite 
(the result sometimes bears a faint resemblance to the atoll replace 
ments, recently described by Gronpiss and ScHouTEn (5 and 6). Rather 
often the replacement is not complete, and small grains of arsenopyrits 
are left untouched inside the replaced area (Fig. 2 and 3). These grains 
often show very irregular outlines and are intricately interwoven with 
the chalcopyrite. — Occasionally the replacing chalcopyrite follows cer. 
tain crystallographic directions in the arsenopyrite, leaving in the 
interior a skeleton of roughly parallel remnants (Fig. 4). — In some cases 
a zonary replacement of arsenopyrite crystals by chalcopyrite is noted 
(Fig. 8). The figure demonstrates how well the crystal form of the zonary 
replaced grain is retained, and also, on the other hand, how the edge of 
an adjoining crystal has been eaten into by the chalcopyrite. The tex 
ture clearly indicates that the arsenopyrite did not form as a late 
porphyroblast, but that it actually crystallized before the chalcopyrite 
— Rather common in the ore are spongy intergrowths between »flamy 
arsenopyrite and chalcopyrite, occasionally with some boulangerite 
(Fig. 6). The texture is extremely finegrained and can be dissolvec 
under a high magnification only. It is difficult to conceive how this 
texture was formed — whether chalcopyrite replaces the arsenopyrite 
or if the two minerals crystallized contemporaneously. The former cas¢ 
seems more likely. — In many cases one can also see chalcopyrite, 01 
occasionally boulangerite, sphalerite, tetrahedrite and even gold, or 
narrow veinlets, penetrating either complex aggregates, or single crystal: 
of arsenopyrite (Fig. 5 and 7). Sometimes the opposite walls of th 
veinlets match, indicating fissure filling (7, p. 582), but often an irregulai 
replacement of the walls has taken place. 

From the above observations it is evident that arsenopyrite is al 
early product of crystallization, earlier than chalcopyrite and a numbe 
of other minerals, occurring in connection therewith. 

Some of the chalcopyrite-arsenopyrite intergrowths need a furthe! 
discussion. Side by side with the replacements there occur fully idio 
morphic arsenopyrite crystals, often forming a framework, or smal 
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crystal pores, or »druses» (Fig. 6 and 8) made up by well crystallized 
arsenopyrite. The interstices between the crystals are filled with chalco- 
pyrite. The same kind of intergrowths, though even better developed and 
more frequent, were met with in the arsenic ore at Boliden (1, p. 130). 
It was there inferred that with the ore solution there followed a multitude 
of other components which did not crystallize until the arsenopyrite had 
formed. Thus the arsenopyrite had an opportunity to form good erys- 
tals, but was to a large extent brecciated and replaced by the other 
constituents still in solution. 

It is believed that to some extent similar conditions were prevalent 
also at Holmtjiirn, and the arsenopyrite solution probably carried a 
certain amount of chalcopyrite. Possibly did also a few other minerals, 
as rutile, pyrite and quartz in minor amounts, accompany the solution. 
The arsenopyrite crystallized, but was attacked and replaced to a cer- 
tain degree by the remaining rest solution. 

After this mineralization epoch a new one commences, initiated by 
fracturing, probably of a regional character, and after this preparation 
new, complex solutions ascend which replace the earlier minerals. 
Chalcopyrite (and pyrite) is here the prevalent constituent. It thus 
seems likely that it should be reckoned with two generations of chalco- 
pyrite, one which directly accompanied the arsenic ore, and one which 
followed on a general fracturing of the earlier ore. It is believed that 
this later generation forms part of the main pyrite mineralization 
(p. 94). 

Rutile is rare in the Holmtjirn arsenic ore, and the difference 
with Boliden in that respect is striking. Only on a few occasions the 
mineral has been found as small, rounded grains in arsenopyrite. It 
probably crystallized before this mineral. 

Pyrite is occasionally of common occurrence in the arsenic ore. 
On some occasions small, rounded grains of the mineral have been 
noticed in the interior of arsenopyrite individuals. The appearance in 
itself does not give any clues as to age relationship, but it seems 
likely that pyrite in this form crystallized before the arsenopyrite, and 
thus belongs to the arsenic mineralization. 

Pyrite is, however, far more common among the minerals of the 
later mineralization. It is present in megascopical grains and aggregates, 
usually associated with chalcopyrite in veins replacing the arsenic ore. 
In some places there is even an indication of pyrite veining the arseno- 
pyrite. It is replaced by chalcopyrite, and also boulangerite, excellent 
replacement textures as veins and skeleton crystals being formed. 
Pyrite is the first mineral to crystallize among the minerals of the 
later mineralization. 
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In a section of copper-arsenic ore fine-grained marcasite occurr 
in an exceedingly finegrained aggregate of an unknown pyrite minera 
together with normal pyrite in a schlieren-shaped mass. The unknown 
mineral is possibly marcasite in a finely divided state. It is slightly 
softer than pyrite, lacks distinct anisotropism and has a brownish tinge. 
It contains small, »ghost-likey grains and also larger crystals of pyrite. 
The general impression is that the marcasite and the unidentified mineral 
are contemporaneous with, or slightly later than pyrite. The possibility 
remains, however, that they were formed by supergene processes. 

Gold is at Holmtjirn partly closely associated with arsenopyrite, 
and a good deal of it occurs directly in this mineral. That does not 
necessarily involve, however, that it actually was brought in with the 
solution which deposited the arsenic ore. 


Gold occurs abundantly in the arsenopyrite grains as small particles, 
accumulated to swarms (Fig. 9). It is, however, very irregularly dis- 
tributed, and some grains are quite devoid of gold although adjacent 
grains may be gold-bearing. As to form and size the gold particles are 
most varying. The outlines are altogether irregular, and the particles 
are at random interspersed in the arsenopyrite grains. The maximum 
size of the particles is about 0.03 mm. Here and there similar particles 
of chalcopyrite and boulangerite occur with the gold. 


A large part of the gold is present in the chalcopyrite which veins 
and replaces the arsenopyrite. The grains are here rounded and may 
occasionally attain a considerable size (I—2 mm). In the chalcopyrite 
gold is sometimes associated with sphalerite, pyrrhotite, tetrahedrite 
and boulangerite. It occurs, for instance, in sphalerite as thin veinlets 
and is here distinctly later crystallized. In Fig. 7 it is found veining 
arsenopyrite. It may also replace pyrrhotite. In tetrahedrite and 
boulangerite gold appears as small rounded grains; with tetrahedrite it 
forms intergrowths of mutual boundaries. The crystallization of gold 
is thought to be contemporaneous with the formation of these 
minerals and chalcopyrite. 


The occurrence of chalcopyrite has already been treated at 
some length. As regards the place of the later chalcopyrite in the 
paragenesis it will be added that it replaces, except pyrite and arseno- 
pyrite, also pyrrhotite, sphalerite and boulangerite. On the whole the 
crystallization of chalcopyrite is taking place rather late in the succes- 
sion. 


Valleriite in small blebs or spindle-shaped grains occur in the 


chalcopyrite, where they often accumulate on the surface of pyrrhotite 
grains. 
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Pyrrhotite and sphalerite are not very common minerals 
in the copper-arsenic ore. They belong to the second mineralization 
and are fairly early products of crystallization, being replaced by most 
of the other minerals. Pyrrhotite is found in very irregular grains in 
chalcopyrite, and shows the embayment contacts which have been 
termed caries by LINDGREN (7, p. 602). 

The occurrence of stannite is of some interest, because of its wide 
distribution in the ores of the Skellefte District. It has so far been 
identified in four deposits. At Holmtjirn it should be placed in the later, 
pyritic mineralization; it occurs as a rule in chalcopyrite which replaces 
it. At Boliden it has a similar mode of occurrence and is found in chalco- 
pyrite in the pyrite ore (1, p. 141). The stannite is generally in contact 
with sphalerite which it replaces in a delicate manner (Fig. 10). Some- 
times it is also found closely associated with tetrahedrite. 8. GAvELIn 
notes the same association of stannite with sphalerite and Sb-minerals 
at Ostra Hégkulla (2, p. 6). As to its place in the paragenesis it should 
probably be placed comparatively early in the mineral sequence, between 
sphalerite and chalcopyrite. 

The Pb-Sb-minerals generally occur in close association 
with each other, and it seems fit to treat them under one heading. 
Galena, boulangerite, tetrahedrite, bournonite 
and gudmundite have been identified. As regards boulangerite 
the difficulty in distinguishing in the microscope between this mineral 
and other, similar sulphantimonides, e. g. jamesonite, is stressed. 
In this case, however, the properties of the mineral seem to indicate 
boulangerite?. — Gudmundite is a little known mineral which some 
years ago was described by K. Jonansson from a locality in Central 
Sweden (8). Recently its microscopic properties were described in 
detail by S. Gavetin (2, pp. 7—10) and Rampour (9, pp. 203—204). 
The mineral which has the composition FeSbS is very similar to arseno- 
pyrite, and has probably often been mistaken for that mineral. At least 
in the ores of the Skellefte District it is rather common and can be con- 
sidered as a type mineral in the As-Sb-bearing paragenesis. At Holm- 
tjirn it is more scarce and has been found only as occasional small 
erystals in connection with pyrrhotite and the Pb-Sb-minerals. 

The Pb-Sb-minerals are all restricted to the second mineralization 
and some of them have been seen to replace arsenopyrite and also pyrite, 


1 J. Hixier, in a recent paper, shows that x-ray methods successfully can be applied 
to the identification of the lead-sulphantimonides (11). In the present case the mineral 
occurs in such a small amount that it could not be picked out with an advantage for an 
x-ray test. As regards the lead-sulphantimonides at Boliden, mentioned in the previous 
paper (1), Dr. Hitter kindly undertook the carrying out of x-ray tests of some of them 
and the presence of jamesonite and boulangerite could be confirmed. A new mineral, 
belonging to the same group, was also found and is now subject to further study. 
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pyrrhotite and sphalerite. Boulangerite, tetrahedrite and galena a 
more abundant than bournonite and gudmundite which occur only 
sporadically. The three first-mentioned display many different strue 
tures, obviously indicating the early crystallization of boulangerite 
Thin lamellae of galena and tetrahedrite are seen to penetrate into th 
interior of boulangerite crystals, parallel the c-axis (Fig. 11), or thir 
veinlets or schlieren of those minerals traverse and replace the boulan 
gerite. In some cases where boulangerite veined arsenopyrite ore i 
contained lamellae of galena and tetrahedrite, standing at right angle 
to the walls of the vein. In another type of intergrowth the latte 
occurred in irregular grains in large areas of boulangerite in a manne: 
that resembles a coarse myrmekite. In the two last-mentioned example: 
the replacement of boulangerite 1 is, however, not so obvious. 

Chalcopyrite is often found in connection with the Pb-Sb- minerals 
In such cases grains of boulangerite — often possessing a certain degre 
of idiomorphism — are sometimes surrounded by a narrow rim or corona 
composed of small grains of tetrahedrite and galena with very insigni 
ficant amounts of native bismuth. Fig. 11 demonstrates such a case 
The boulangerite has probably crystallized before the chalcopyrit 
and the copper-bearing solutions replaced the boulangerite, resulting 
in the formation of tetrahedrite and galena. These minerals may, how 
ever, appear without any connection with chalcopyrite, and only a1 
insignificant part seems to have been formed by replacement by copper 
bearing solutions. Usually they were formed by a continuous crystalliza 
tion of Pb-Sb-Cu-solutions, beginning with the deposition of the sulph 
antimonide. The content of antimony of the solutions decreased con 
tinuously during the crystallization. The final product is either galen 
or in some cases chalcopyrite. 

The tendency towards decreasing Sb-content in the solutions has bee 
recognized by 8. GAVELIN (2, p. 15) from other localities in the Skelleft 
District. In these cases chalcopyrite seems to play a more insignifican 
part in the final solution. 

Bismuth is very rare in the ores at Holmtjarn and does not presen 
any particularly interesting features. It is found in small, rounde 
blebs in chalcopyrite, galena or the Pb-Sb-minerals. It is one of th 
latest minerals to form. 

Argentite (?). On some occasions there were seen in chalcopyrit 
small grains of a very soft, grayish mineral which showed a very poe 
polish. It may possibly be argentite. 

Besides the insignificant amounts of quartz, sericite am 
chlorite the copper-arsenic ore contains only tourmaline 
It occurs sparingly as slender needles in chalcopyrite-pyrite veins an 
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occasionally in arsenopyrite immediately adjacent to such veins. It is 
considered as a constituent of the later, pyritic mineralization. 


Pyrite Ore. 


Pyrite and chalcopyrite are the dominating constituents 
of the pyrite ore and only small amounts of some of the above minerals 
have been found. 


Arsenopyrite is very rare and occurs in occasional small grains. 
Some of them have the character of replacement remnants. Others 
again are found enclosed in pyrite in the shape of small, but good crystals. 

Rutile is also very rare and was noted in a few small, rounded 
grains. 

The shape of the pyrite grains is generally irregular, but some 
grains may show a trace of idiomorphism. As a rule the pyrite is fine- 
grained and only in places megascopically visible grains are present. The 
mineral is generally more finegrained than the pyrite of the later chalco- 
pyrite veins in the arsenic ore. 

Chalcopyrite, the other common constituent of the pyrite ore, 
distinctly replaces pyrite, forming in many cases beautiful skeleton- 
shaped remnants. In the chalcopyrite the other minerals occur which 
constitute the paragenesis. 

Gold occurs as small blebs in chalcopyrite and sometimes also in 
sphalerite. It was never seen in the pyrite, and it seems likely that the 
metal was deposited after the formation of the pyrite. 

Pyrrhotite and sphalerite occur in the pyrite ore in 
about the same amount as in the copper-arsenic ore. They have been 
replaced by chalcopyrite. Minute grains of valleriite also occur 
in the chalcopyrite. 

Stannite is comparatively common, and it has a similar appear- 
ance as in the copper-arsenic ore. Thus stannite is replaced by 
chalcopyrite but is replacing sphalerite. 

The Pb-Sb-minerals play an insignificant part in the pyrite 
ore, and only small grains of tetrahedrite and galena have been found 
in chalcopyrite. 

Pyrargyrite occurs exclusively in the pyrite ore and has been 
found in small grains in a few sections only. The grains are enclosed in 
chalcopyrite which evidently has been replaced by the pyrargyrite (Fig. 
12). It is probably one of the last minerals to form. 

Among the gangue minerals tourmaline is the most conspic- 
uous. It occurs in places rather abundantly in slender, colourless or 
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faintly brownish needles. They are mostly confined to the pyrite an 

are often broken with sulphides filling the intervening portions. This 
circumstance points to the early crystallization of the tourmaline. — 
Besides tourmaline, minor amounts of quartz, sericite and 
chlorite occur in finegrained aggregates between the pyrite grains, 


Sequence of Crystallization. $ 


In summing up the microscopic evidence given in the two previous 
parts the sequence of crystallization is found to be as follows. 

In the copper-arsenic solution pyrite and rutile were the first minerals 
to crystallize. They were followed by arsenopyrite, and the copper- 
arsenic stage is then brought to an end by the formation of chalco- 
pyrite of the first generation. 

On account of the great number of minerals present the sequence of 
crystallization in the pyrite solution is not so easy to follow in detail. 
As to the arsenopyrite, sparingly met with in the pyrite ore proper, 
most of it should probably be considered as replacement remnants. The 
well crystallized arsenopyrite may, however, be an early product of 
crystallization. The same is true of rutile and tourmaline. The main 
crystallization began with the formation of pyrite. The largest part crys- 
tallized in the footwall of the arsenic body, but some of the solution 
penetrated the arsenic ore and carried along with it a large part of 
later crystallizing minerals as chalcopyrite, Pb-Sb-minerals and gold. 
Pyrrhotite and sphalerite followed closely on the formation of the 
pyrite. Also stannite is placed in this association, but it crystallized 
slightly later than pyrrhotite and sphalerite. The next stage in the 
crystallization is characterized by the deposition of Pb-Sb- and Cu- 
minerals, boulangerite probably being the earliest in this group. There 
is also a strong activity on the part of the rest solution to redissolve and 
replace earlier deposited minerals and partly to form new compounds, 
The deposition of the second generation of chalcopyrite is, in a quan- 
titative respect, the most prominent feature of this stage. Also most 
of the gold is deposited during this stage. Finally, the crystalliza- 
tion of bismuth and pyrargyrite denotes the close of the pyrite 
mineralization. 


Age Relationship of the Ores. 


In the previous chapter the paragenesis of the copper-arsenic and 
pyrite ores was described. The first-mentioned was found to contain 
minerals of an early generation, mainly arsenopyrite with some chalco- 
pyrite and small quantities of rutile and pyrite, brecciated and replaced 
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by a large number of later minerals. A characteristic feature of these 
later minerals is their appearance on veins and schlieren, chiefly com- 
posed of chalcopyrite, containing the other minerals in more or less 
complicated intergrowths. The veins entered the copper-arsenic ore 
along fractures and replaced the ore in a demonstrative manner. 


If we now compare the mineral content of the pyrite ore proper 
with that of the later veins in the arsenic ore, we will find certain 
resemblances. As these are of some importance to the interpretation of 
the age relationship of the ores a further discussion is needed. 


The most important minerals in the later veins are chalcopyrite, 
pyrite and Pb-Sb-minerals. As regards the two first-mentioned, they 
form the main constituents also of the pyrite ore. Some of the speci- 
mens of copper-arsenic ore show veins and masses of chalcopyrite and 
pyrite which are indeed almost identical with the pyrite ore.t The Pb- 
Sb-minerals were, however, only sparingly present in the pyrite ore 
(p. 101).2 Gold is also of rare occurrence in the pyrite ore, but it is met 
with as small blebs in the chalcopyrite. In the later veins in the copper- 
arsenic ore a large part of the gold occurred in the chalcopyrite (p. 98). 
Of special interest is that stannite which is a type mineral of the pyrite 
ore at Holmtjirn (and Boliden!) also occurred in the later chalcopyrite 
veins of the copper-arsenic ore. 

The resemblance which is thus found to exist between the later 
minerals of the copper-arsenic ore and those of the pyrite ore made the 
author believe that there was a direct relationship between the two for- 
mations and that the former in reality originated from the same solu- 
tions which deposited the pyrite ore. 

After the formation of the copper-arsenic ore a revival of fracturing 
and mineralization took place, and the pyritic solutions entered into the 
footwall of the copper-arsenic body. The largest part of the solution 
deposited its content at this place, but a minor fraction, chiefly contain- 
ing copper-iron sulphides, gold and Pb-Sb-minerals etc., migrated into 
the fractured copper-arsenic ore and replaced it. 

A matter of some importance in this connection is the question of 
the relation of the gold to the two stages of mineralization. 

Gold occurs in microscopic state in the arsenic ore either as small 
particles in some of the arsenopyrite grains, or as large grains in the 
chalcopyrite veins. It may also fill fractures in arsenopyrite. In the 
pyrite ore it occurs sporadically in the chalcopyrite. 


1 It is to be regretted that these relations no longer can be studied in the field! 
2 It is of interest to note, however, that in the small pyrite ore body, situated in the 
immediate neighbourhood of the main orebody (p. 93), Pb-Sb-minerals are plentiful. 
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In regard to the appearance of gold in the tiny particles the questio 
arises: Is the gold in this case to be considered as a specific constituent 
of the arsenopyrite, or should it rather be looked upon as a constituent 
of the later sulphide mineralization? At first the particles could be inter- 
preted as indications of a direct crystallization of the gold from the 
arsenic solution, or, possibly, as a product of exsolution in the arseno-~ 
pyrite. Against the latter assumption speaks, however, the form and 
also the irregular interspersion of the particles. As regards the first 
assumption it seems strange that the distribution of the gold among the 
arsenopyrite grains is so irregular: if the gold in question were a specifie 
constituent of the arsenic solution, one would expect it to be spread out 
fairly uniformly throughout the ore at the crystallization. In view of 
these circumstances it seems the author most probable that the gold, 
appearing in the small particles, formed a part of the later pyritic miner- 
alization and by some process of replacement or molecular migration 
was carried into the arsenopyrite grains. 

An examination of a number of analyses of the ore shows that, as a 
rule, a high content of gold corresponds to a medium to high percentage 
of copper and arsenic. On the other hand, an analysis of a picked 
sample of arsenopyrite (analyzed in order to check the Fe-As-S propor- 
tion, p. 93.) gave a content of gold which, although it is still rather high, 
is considerably lower than in the arsenic ore rich in copper. The content 
of copper and other elements, except Fe, As and S, was negligible. It is 
possible that in this case we have to deal with gold as a specific consti- 
tuent of the arsenic ore. 

In summing up the discussion it may be concluded that a very 
large part of the gold was brought in with the later pyritic minerali- 
zation and that it replaced and filled fractures in the arsenic ore. Some 
gold, however, was contained in the arsenic solution, but it is impossible 
to ascertain in which form or to what an extent it occurs. As all the 
visible gold seems to be connected with the later mineralization, it is 
probable that the gold of the arsenic ore is in such finely divided state 
that it is not detectable by ordinary microscopic means. 

In the arsenic ore at Boliden similar conditions are met with as regards 
the appearance of gold. In the microscope gold is detected in the fillings 
of the small pores in the ore (1, p. 131), proving it to be a primary 
constituent of the arsenic solution. In the dense, steely arsenic ore, 
however, almost exclusively composed of arsenopyrite, the microscopic 
study failed to show the presence of gold, although an analysis showed 
that it contained an appreciable amount of the metal. This case seems 
to correspond to the conditions met with at Holmtjiirn, where gold 
of the arsenic mineralization has not been seen microscopically. Also 
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during the later stages of mineralization at Boliden a considerable 
amount of gold was deposited. 


Origin of the Ores. 


When discussing the origin of the similar ores at Boliden, the author 
draw the conclusion that the arsenic and pyrite ores were formed at 
high temperature and pressure, and that the ore solutions probably were 
of a pneumotectic nature (1, pp. 143—146). Arguments in favour of 
this explanation were, inter alia, the number of high-temperature 
minerals present, the abundance of volatiles and structural conditions 
of the ores, etc. In these respects the ores at Holmtjairn appreciably 
differ from the ores at Boliden. When we consider, to begin with, the 
paragenesis of the copper-arsenic ore (apart from the later minerals) 
at Holmtjirn, the absence of, or the lack of appreciable amounts of 
high-temperature minerals as plagioclase, hornblende, apatite, rutile 
and also pyrrhotite, is at once conspicuous. Also the structure is diffe- 
rent; the filled pores and »druses», which were so plentiful in the arsenic 
ore at Boliden, indicating that escape of rest solution from the crystalli- 
zing ore was impossible, are wanting in the Holmtjarn arsenic ore, 
or are at least not typically developed. As regards the contacts to the 
wallrocks at Holmtjirn there is nothing that indicates the presence of 
the sharp or even crosscutting contacts which were so common at Boli- 
den. On the contrary, the sericite-schist in the mine is often strongly 
impregnated with arsenopyrite, pyrite and some gold. Besides, the ore 
sometimes contains unreplaced remnants of the wallrock. 

The paragenesis gives very few clues indeed to the conditions, prevail- 
ing during the formation of the ore. Neither arsenopyrite, nor chalco- 
pyrite, the most common constituents of the ore, can be considered 
typical of any particular temperature range. As regards arsenopyrite 
Rampour discusses its paragenesis in »Lehrbuch der Erzmikroskopie» 
(II, pp. 204—205) and gives examples of occurrences ranging from 
pegmatites to low-thermal veins. LinpGREeN considers the arsenic 
minerals in general, including arsenopyrite, to be »most plentiful in 
veins of the intermediate to high-temperature type» (10, p. 633). The 
lack of abovementioned high-temperature minerals in the ore, and the 
absence of such minerals in the wallrock is striking. On the other 
hand, also real low-temperature minerals are absent. Furthermore, 
the geological position of the deposit in a deeply eroded, pre-Cambrian 
area, strongly folded and metamorphosed, makes a deposition of the 
ore at a low temperature rather unlikely. 
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The only remaining possibility seems to be a deposition at moderately 
high to high temperature, approximately corresponding to LINDGREN‘ j 
hypothermal stage. The mineralizing agent is considered to be a dilu 
hydrothermal solution which entered the ore zone on fissures where 1 
replaced the sericitic wallrock. The sericitization of the wallrocks was 
brought about by the same solution which formed the ore. This process 
probably initiated the mineralization and affected the rocks over a 
wide area. It is believed that the sericitization continued also cua 
the following stage. 

The paragenesis of the pyrite ore is more varied and at least some 
of the minerals give clues to the interpretation of the ore genesis. The 
occurrence of tourmaline is significant in that respect, as it must be 
looked upon as a high-temperature mineral. Among the remaining 
minerals there are none which can be considered as solely formed at 
high temperature. Pyrrhotite and valleriite may, however, indicate high 
temperature, but they occur only sparingly. The same is true of stannite, 
but it can not unanimously be considered as being of high-temperature 
origin. On the other hand the presence of the Pb-Sb-minerals and pyrar- 
gyrite (the argentite is not considered, as its identification is very 
uncertain) would indicate that a comparatively low temperature ruled 
during the deposition. The said minerals crystallized, however, partly 
comparatively late, and the temperature at their crystallization was 
probably considerably lower than the temperature at the beginning of 
the mineralization. At this point tourmaline was deposited as the oldest 
mineral, closely followed by pyrite. At decreasing temperature the 
other minerals, including pyrargyrite, crystallized in the sequence given 
in a previous chapter (p. 102). 

The formation of the pyrite ore should probably be assigned to Lryp- 
GREN’s hypothermal stage and the temperature seems primarily to have 
been somewhat higher than at the formation of the copper-arsenic ore. 
The pressure was considerable and the solution had the power to migrate 
into and replace the arsenic ore. The high pressure further led to that 
the solution entered also into the surrounding rocks and formed dissemi- 
nations of sulphides and gold, occurring in a relatively wide area around 
the ore body. 

In comparison with Boliden, the formation of the ores at Holmtjirr 
took place under milder, hydrothermal conditions and the temperature 
and concentration of the solutions were lower. The Holmtjirn ores 
thus represent a more advanced stage in the differentiation of the or 
solutions. 

The question of the ultimate source of the ore solutions still remain: 
to be discussed. As the magmatic affiliation of the ores is without doubt 
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it is tempting to ascribe their origin to the action of the adjacent Jérn 
granite which is outcropping ab. 2 km from the deposit. In his treatise 
on the geology of the Skellefte District Hécnom discusses the origin of 
the ore deposits (3, pp. 42—48 and 106—108), and arrives at the general 
conclusion that the sulphide ores of the district were formed by solu- 
tions emanating from this granite, the oldest in the district. 

Although a great deal of prospecting and geological work has been 
carried out in the district the past fifteen years, only lately by increasing 
mining activity a detailed knowledge of the ores is being obtained. 
Among the deposits in the E. portion of the district, particularly studied 
by the author (Boliden, Holmtjarn and Akulla, 8 km N.W. of Boliden), 
there is none, however, which evincibly can be ascribed to the action of 
the Jérn granite and there is in those cases no obvious connection with 
this granite. 

The younger pre-Cambrian granite, the Revsund granite, is not 
considered to have caused mineralization of any importance. As is 
shown on the map, accompanying HéaBom’s paper (3), this granite 
occupies areas in close neighbourhood of several of the deposits in the E. 
part of the district and there is nothing in its geological appearance in 
those places which excludes a connection, from a genetic point of view, 
with some of the deposits. On the contrary, certain observations seem 
to indicate that such a connection does exist. 

There is, however, at present not a sufficient number of facts at hand 
to make a discussion of this question fruitful and it may suffice to point 
out that the possibility of a mineralization by the Revsund granite should 
not altogether be left out of the question. 


Summary. 


The Holmtjarn gold-copper-arsenic deposit is situated in the HK. part 
of the Skellefte District, about 55 km N.W. of Boliden. 

The deposits consists of a gold-bearing copper-arsenic ore with a pyrite 
ore body in the footwall. The wall rock is a sericite-schist, formed by 
intense alteration of the acid volcanics of the oldest pre-Cambrian forma- 
tion of the district. 

The copper-arsenic ore was formed during an older mineralization and 
is largely composed of arsenopyrite, some chalcopyrite and gold, and 
very insignificant amounts of rutile and pyrite. These minerals were 
brecciated and replaced by minerals of a second mineralization. There 
is no clear evidence as to the mode of origin of the arsenic ore, but it 


1 In a paper, recently published (Norsk Geol. Tidsskrift, 18, p. 229, 1938), Héa- 
BOM somewhat modifies his opinion. 
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seems likely that a hydrothermal solution, under conditions corres- 
ponding to LrnpGREn’s hypothermal stage, replaced the sericite-schist — 
and deposited the ore minerals. Rutile and pyrite crystallized early 
and were followed by arsenopyrite and chalcopyrite. The latter replaced 
arsenopyrite to some extent. 

A fracturing of the copper-arsenic ore initiated the second nipena 
zation, whereupon a rather complex solution entered the arsenic body 
and its footwall. The main part of this solution crystallized here and 
formed the pyrite ore by replacement; the remainder, on the-other hand, — 
entered the arsenic ore along fractures and replaced it to a large extent, 
forming veins and irregular masses. A long sequence of minerals was 
deposited during this stage, the crystallization beginning with tour-— 
maline (and very little rutile and arsenopyrite) and pyrite. These 
minerals were followed by sphalerite, pyrrhotite and stannite. During 
the later part of the crystallization gold and a number of Cu-Pb-Sb- 
minerals as chalcopyrite, galena, boulangerite, tetrahedrite, gudmun- 
dite and bournonite were deposited. They replaced earlier minerals and 
exhibit a successive crystallization, indicating a decreasing content of 
Sb in the solution. Boulangerite is thus oldest among these minerals and 
was followed by tetrahedrite, galena and chalcopyrite. The solution 
which formed the pyrite ore is classified as hypothermal, at least during 
the earlier part of the crystallization, but temperature and pressure 
decreased, and the later part of the crystallization was completed during 
considerably milder conditions. 

A comparison between the ores of Boliden and Holmtjarn shows that 
the latter were formed at a lower temperature by more dilute solutions. 

As regards the source of the ores, it is tempting to ascribe them to the 
action of solutions emanating from a neighbouring mass of Jérn granite, 
the oldest pre-Cambrian granite in the district. The general belief is that 
the sulphide ores of the Skellefte District were formed by solutions, given 
off by this intrusive. There is, however, at some of the deposits, studied 
by the author, no obvious connection genetically with this granite. It is 
finally suggested that in future work more attention should be paid to 
the younger pre-Cambrian granite of the Revsund type as a possible 
source of ore solutions. This granite is generally not considered to have 
caused mineralization of any importance. 

Arsenic ores occur at several places in the district. As to paragenesis 
they have many qualities in common and from a geological point of 
view they form the oldest mineralization of the deposits. These cireum- 
stances speak in favour of a close relationship between the arsenic ores 
and they seem to form a metallogenetic epoch, typical for the Skellefte 
District. 


a 
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Explanation of Plates. 
Plate I. 


Fig. 1. Fractured arsenopyrite; filling mainly composed of gangues with some chalco- 
pyrite. Im., ab. 500x. : 

Fig. 2. Partial replacement of interior portion of arsenopyrite crystal by chalcopyrite. 
Im., 180x. 

Fig. 3. Chalcopyrite partially replacing arsenopyrite. Im., ab. 500x. 

Fig. 4. Chalcopyrite tends to replace arsenopyrite along crystallographic directions. 
Im., 240x. 

Fig. 5. Arsenopyrite is veined and replaced by chalcopyrite (medium gray). Sphale- 
rite (dark gray) lower right; gangue and holes in the section appear black. Im., 160x. 

Fig. 6. Pores or »druses» in arsenopyrite ore, filled with chalcopyrite. Finegrained 
intergrowth of chalcopyrite and »flamy» arsenopyrite. Im., 160x. 


Plate II. 


Fig. 7. Arsenopyrite (A) veined by gold (G) and chalcopyrite (medium gray). Sphale- 
rite (black); tetrahedrite (gray, rounded grains) adjoining sphalerite to the right. 
Im., 240x.. eat 

Fig. 8. Zonary replacement of arsenopyrite by chalcopyrite. Edge of grain (in 
centre) is eaten into by chalcopyrite. Arsenopyrite crystallized first and was replaced by 
remaining rest solution. Im., 240. ; 

Fig. 9. Swarm of gold particles in arsenopyrite crystal. Ab. 750x. } 

Fig. 10. Stannite (medium gray) is replacing sphalerite (dark gray); both minerals are 
replaced by chalcopyrite (light gray). Pyrite white with high relief. Im., 240x. : 

Fig. 11. Boulangerite (B; cut parallel and at right angles to c-axis) replaced y a 
corona of tetrahedrite (dark gray) and galena (whitish gray); surrounded by chalcopyrite. 
Im., 240x. ; s ; ; 

Fig. 12. Pyrargyrite (Py) in chalcopyrite (white). Pyrite white with relief. Im., 240 x. 
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Den formodade israndsoscillationen i Givletrakten. 
Ay 
CaRrL CALDENIUS. 


(MS. received Sept. 15th, 1938.) 

Pa Geologiska Féreningens sammantriden i oktober 1929 och oktober 
1931 framlade statsgeologen RaGNAR SANDEGREN nagra iakttagelser 
fran karteringsarbetena for de geologiska kartbladen Givle och Storvik 
(G. F. F. Bd 51, 1929, sid. 465—470, 573—579 och Bd 53, 1931, sid. 
364—371), vilka han ville tyda som bevis for en omfattande oscillation 
av det finiglaciala isbrimet Over Givletrakten. Den foérnyade fram- 
ryckningen av landisen skulle ha intraffat, sedan isbramet hade dragit 
sig tillbaka ett par mil norr om Gavle. Det skulle darefter ha framskju- 
tits 6ver hela Gavletrakten och natt atminstone sa langt sédderut som 
till Gronsinka, ca 3 mil nordost om Krylbo, d. v. s. en framryckning 
pa ca 70 km borde ha agt rum. Isoscillationens vig skulle markeras 
dels av rullstensgrus i primirt lige pa varvig lera, med varven till- 
knadade och veckade (Abyfors, Sveden), dels av rullstensgrus i sekun- 
dirt lage, utpressat vid isens framryckning, pa veckad varvig lera 
(Hastboasen m. fl.), dels av moriin pa veckad varvig lera (Bjérhals- 
myren, Holmsanger, Kullsand, Nétté by, Akra by m. fl.), dels av and- 
moraner 1 nordost—sydvist fran det aldre och i nordvist—sydost fran 
det yngre recessionsskedet, dels slutligen av ett aldre raffelsystem fran 
nordvast och ett yngre fran nordost, forst iakttagna pa hillarna om- 
kring Gavlebukten och sedermera fiven inom Gavletraktens dvriga 
laga terrang. 

Da det framlagda iakttagelsematerialet snarast tydde pa feltolkning 
av forefintliga lagerféljder, varnade professor GERARD Dr Geer for 
forhastade slutsatser betriffande forloppet vid landisens avsmiltning 
éver trakten samt framhdll bl. a., dels att rullstensasarnas regelbundna 
form och strackning inom omradet icke gav rum fér nagon stérre 
oscillation av iskanten, dels att de geokronologiska matningarna givit 
till resultat, att isranden i Bottenhavet utanfor Gavlebukten varit 
konkav och stadd i en alldeles exceptionellt hastig tillbakagang (G. F. F. 
Bd 51, sid. 566—572 och Bd 53, sid. 359—362, 369—371). 
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Ett av de férsta bevisen, som SANDEGREN anfort fér den formodade 
isoscillationen, utgjordes av en 12 m miktig, pA starkt veckad och 
hopknadad varvig lera vilande »askirnay, blottlagd i grustaget vid Aby- 
fors tegelbruk. Asen sasom isiilvsavlagring skulle foljaktligen vara 
yngre an denna veckade varviga lera. Da den i lertaget omedelbart 
vid asens norra sida av De GEER uppmitta varvprofilen innehaller 
grusskikt, visande, att dsen férefunnits vid varvens avsiittning, och 
da den veckade varviga leran i asen enligt SanDEGRENs borrningar fore- 
kommer sasom en omedelbar fortsittning av den utanfér asen uppmitta 
orubbade varvserien, som visar en vacker konnektion med den svenska 
tidskalan i 6vrigt, betonade Dr Grrr, att leraniadsen maste 
Overlagras av sekundart och ej av primdrt 4s- 
material. 

Till forman for isoscillationsteorien har SANDEGREN ocks’, som 
nimnts, anfort en forekomst vid Bjérhalsmyren, dar han ansett, att 
moriin i primirt lage skulle éverlagra varvig lera. Mordnen skulle dir 
ticka 200—300 veckade varv, vilka SANDEGREN férmodade icke skulle 
vara representerade i den svenska tidskalan, och vilka salunda skulle 
angiva den ungefirliga varaktigheten av isoscillationen. Dr Grrr har 
ansett, att lagerforhallandena vid Bjérhalsmyren bist forklarades 
sasom tillkomna vid strandningen av en moranflotte. 

Hésten 1932 besdkte jag pa professor De GEERS uppmaning grustaget 
vid Abyfors och moranférekomsten vid Bjérhalsmyren. Grustaget 
vid Abyfors ar upptaget vid vastra dinden av en rullstensasrygg, som 
det genomskir. Vid platsen foreligger en tydlig kastning 1 asen. En, 
vidare mot vister fortsittande asrygg dyker upp ett gott stycke syd- 
vist om anden ay den, i vilken grustaget ar inskuret. De genomskurna 
lagren bestodo visserligen av timligen grovt rullstensgrus, men deras 
med asryggen konforma och utat asens sidor mycket flacka stupning 
samt tydliga samband med strandférskjutningsnivaer pa assluttningarna 
visade, att de tillhérde Asskalet och icke askiirnan. Vid Bjérhalsmyren 
befanns den veckade varviga leran delvis vara tickt av i tydlig sekundar 
lagring liggande blockférande grus. Det av SaANDEGREN publicerade 
snittet (G. F. F. Bd 51, 1929, sid. 574) ar sa till vida missvisande, som 
det ger intrycket, att den veckade leran skulle vara helt tackt av »moran- 
éverlagringen». Sa ir emellertid ej fallet. Strax intill den gravda kana- 
len, utefter vilken snittet ar uppmatt, gar leran 1 dagen. 

Innevarande hést har jag anyo satts i tillfille att besdka Gavleom- 
radet, och jag gjorde darvid ett nytt besdk i grustaget vid Abyfors. 
Grusbrytningen hade fortskridit lingre mot éster, alltsa 1 isryggens 
riktning och féljaktligen langre in mot asens centrala parti. Darvid 
har under det grova rullstenslagret, som SANDEGREN 
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Foto Cart CALDENIUS 1937. 


uppfattat som a 
kairna, men soma 
mig 1932 kund 
faststallas till 
hora asskalety 
blottlagts Mytilus 
forande grus o¢ 
sand (fig. 1 och 2 

De Mytilus-forand 
skikten forekomma w 
efter flera horisonter 
och ligga inbaddade 
vil sorterade grus- oc 
sandlager, tydligen ut- 
gorande distalackumula- 
tioner av fran och lings 
rullstensasen utsvam- 
mat material. De tiickas 
i viaster konformt av 
grovt rullstensgrus, till- 
hérande de mera proxi- 
mala avsattningarna — 
lings strandterrasserna 
omkring asryggen. Dar- 
med ar bekraftat, att 
lagerforhallandena vid 
Abyfors ha feltolkats 
av SANDEGREN. 

I det gamla lortagil 
vid Abyfors har icke 
under de senaste aren 
brutits nagon lera, utan 
ett nytt lertag har 6pp- 
nats vid Asbyggeby 
norr om Gavlean och 
ca 900 m norr om det 
gamla lertaget. Den ca 
100 m langa skarning, 
som dar ar blottlagd, 
visar en statlig profil 
i den varviga leran och 
narmast yngre lerlager. 


Hela grustaget 


SANDEGREN omnimnda 


Rullstensgruset pa denna sluttning 


Detta grus ir Mytilus-forande. 


~ 


visande den mot norr vattande delen av skiirningen.- Den av 
, till héger pa bilden. 


, som ar blottat ide brant uppstickande avsatserna. 


grussluttningen mot viister 
ar foljaktligen inskuret i asskalet. 
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Till vanster hégt uppstickande varvig lera med orubbad lagring, omgiven ay skridna, 


veckade och fragmenterade varv. 


Fig. 3. Norra slinten ay lertaget vid Asbyggeby. 
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Man far dir en god inblick i arten av de 
stérningar, som drabbat leran (fig. 3). Medan 
de undre, mjaliga och sandiga varven, obe-— 
roende av det héjdlige de intaga, ligga i orubbat — 
lige, iro de évre, tunnare och fetare varven 
tillsammans med yngre lerlager, mm-tunna— 
lervarv och tit, gra lera, starkt veckade och 
forkastade. Intet tyder alltsa 1 denna skarning — 
pa annat, an att de fetare lerlagren som vanligt — 
utsatts for rutschningar i samband med land-— 
héjningen. I foreliggande fall synas dessa 
skred ha agt rum, sedan den intill nordvastra 
dalsidan liggande hégre lerterrangen lyfts ovan — 
strandnivan, vilket av héjdlaget att ddma agt 
rum efter Litorinahavets transgressionsmaxi-— 
mum. I de rubbade lerlagren forekomma naim- 
ligen inbakade linser av sand, som torde ha_ 
tillhért strandsanden pa platsen. Diagrammet 
fran den varvprofil, som har uppmattes av_ 
mig, visar fullt speglande likhet med det— 
Der GeER erhallit vid sin tidigare varvmatning 
intill rullstensasen i det gamla lertaget. Vid 
ingendera platsen finnas de minsta_ 
tecken pa att leran skulle ha 6ver- 
skridits av landis. 

Fran omradet for det geologiska kartbladet 
Leufsta har SANDEGREN beskrivit tvenne lo- 
kaler, dar enligt hans mening moran skulle 
éverlagra varvig lera, niimligen dels en »aind-— 
morain) pa lera sydvast om Holmsanger, dels 
»ymorin» pa lera nordvast om Nétté by. Da 
lagerforhallandena vid dessa lokaler av honom 
synbarligen tillmatts stor betydelse fér isoscilla- 
tionsteorien, har jag underkastat bada plat- 
serna en niirmare granskning. 

Ungefar vid det stille, dir vagen till Holms- 
anger avgrenar fran gamla allmanna vagen, 
finnes ett grustag 1 storblockigt grus av ca 3 m 


_tjocklek, delvis vilande pa veckad varvig lera, 


som ar blottlagd inom grustagets botten (fig. 4). 
Grustaget ar inskuret ca 15 m i sydvistra 
hornet av en bred, flackt valvd morankulle. 
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Nagon andmorinvall kunde 
av mig icke iakttagas pa 
platsen. Leran tilltager i 
maktighet mot kullens peri- 
feri och utkilar i riktning 
mot dess centrum. Under 
det storblockiga gruset har 
leran ett hdjdliige nagot 
ovan den niva, som den 
maste intaga under mossen 
sydvist om morinkullen. 
Det storblockiga gruset har 
ej] karaktiren av hart 
packat typiskt »moriingrus» 
utan ar luckert lagrat, sak- 
nar sa gott som allt fin- 
material och visar sig diari- 
genom tydligen vara svallat. 
Det ar begrinsat till moran- 
kullens omrade och striic- 
ker sig ej ut 6ver den om- 
givande plana terraingen, 
som upptages av lera och 
torv. Den narmast 
till hands liggande 
tolkningen av la- 
gerférhallandena ar, 
att de dro de,-som 
vanligen bruka fore- 
komma under M. G. 
vid kontakten mel- 
lan mordn- och ler- 
marken med _ blott 
den skillnaden, att 
det har pa leran ut- 
svimmade och ut- 


fe 


Foto Carn CALDENIUS 193 


Vit 


Den veckade leran férekommer som ett tunt 


skikt pa vanstra halften ay planet vid gruskullens fot, 


Grustaget i svallat, blockigt grus sydvast om Holmsanger. 


Wig. 4. 


rasade gruset ar osedvanligt.storblockigt och 


maktigt. 


Den av SANDEGREN fOrmodade moriinéverlagringen pa lera nordvast 
om Nétté by ar av samma karaktir som den nyss beskrivna, men hir 
aro lagerforhallandena battre blottlagda. Hans iakttagelser hainfora 
sig dar till ett grustag, 6ppnat i vastra kanten av en vidstrickt moran- 
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kulle strax séder om ay- 
tagsvigen fran Notte by 
till Holmsanger (fig. 5). 
For nairvarande 4r grus- 
taget inskuret ca 30 m 1 
morinkullen. I den nu 
blottade skirningens cen-~ 
trum ir lagerbyggnaden 
foljande, raknat fran mark- 
ytan: 


CALDENIUS 193 


* 


Foto Cant. 


ca 3 m delvis rasskiktat, 
storblockigt svallgrus, 
fritt fran finmaterial, — 

» 0.4 m_ varvig lera, 
bottenvarv med grus- 
skikt, 

» 2m hart packad bot- 
tenmoran. 


Pa grinsen mellan dem (vid spadens nivaé) fére- 


Bottenmorinens maktig- 
het 1 skiirningen ar ett mi- 
nimimatt for den hojd, 
som den varviga leran un- 
der det blockiga svall- och 
rasgruset intager Over ler- 
marken utanfér kullen. En 
niirmare undersdkning av 
sleran) visar, att denna 
utgores av ett eller m6j- 
ligen men mindre sannolikt 
tre grusiga bottenvarv med 
inlagrade block. Lerskikten 
aro cm-tjocka och besta av 
morkgra fet lera (vinter- 
skikt). De tacka blocken, 
som salunda fallit ned pa 
bottnen fére respektive ler- 
skikts avsittning. Blocken ligga alltsé inom den nu blottlagda delen 
av skarningen ej »inknadade» eller »inaltade» i leran, som SANDEGREN 
fann vid sin undersékning. Mot det dverlagrande, blockiga gruset 
ro lerlagren skarpt avskurna och skilda fran detsamma genom en 
erosionskontakt, som tydligt visar, att det pa leran lagrade gruset 


Grustaget nordvist om’ Nétté by. Ovre hilften av skirningen visar svallat, rasskiktat, luckert lagrat, 
kommer ca 0.4 m varvig lera med grusskikt. 


blockférande grus och den undre’ halften hart packat moringrus. 


Fig. 5. 
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svammats och rasat ut pa denna. Det kan diiremot ej ha sliipats eller 
pressats fram dver leran, som SANDEGREN formodat. 

I lerterrangen omkring Nétté by ligga lervarven i regel utan stér- 
ningar. Redan 1911 uppmiattes av mig, kand. F. Fouxrsson och dr 
N. Zenzéw flera varvprofiler, och nu i ar miitte jag i en erund- 
gravning ca 400 m sydost om det nyssnimnda grustaget en vacker 
varvprofil. SANDEGREN uppger, att den varviga leran, som blottlagts 
i dikesskaérningarna utmed den nya vagen mellan Alvkarleby och Notts, 


SSW NNE 


ely EM] s ACT PAU EB 4am 


Fig. 6. Schematiska sektioner, askadliggérande lagerforhallandena vid Holmsanger, 
den undre bilden, och N6tt6, den 6vre bilden. 


_ Beteckningar: t = torvmosselager, s = blockigt svallgrus, upptill med residuallager, 
2 = veckad varvig lera, /? = varvig leta i orubbad lagring, m = moran. 


éverallt ar starkt veckad. Huru vara motsigande uppgifter lata sig 
férenas, har jag sokt askadliggora pa fig. 6, dir jag schematiskt angivit 
lagerférhallandena i och omkring de bada grustagen vid Holmsanger 
och Notts. 

SANDEGREN har framhallit, att rullstensasar och morinryggar i Gavle- 
traktens laglinta, 6ppna terring kommit att intaga ett mycket expo- 
nerat lage under kustlinjens férskjutning vid landhéjningen. Darige- 
nom ha de ocksa nedbrutits vid abrasionen i stérre utstrickning an vad 
som vanligtvis skett, och de av vagorna omlagrade massorna ha fatt 
en ovanlig tjocklek och grovlek. Sa lange lerlagret intill de upp- 
stickande grus- och blockkullarna var tillrickligt maktigt, intraffade 
i samband med utsv’mningen ras, varigenom lervarven deformerades 
och lerlagret avskalades. Dr Ragnar Lipin har meddelat mig en 1} 


ys 


H:L=8:/ 


Skarning i storblockigt svallgrus pa Mytilus-forande sand och Jera mellan tva morinryggar utmed jirnvigen vid Harnis. 


' Fig. 7. 
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detta sammanhang mycket upplysand: 
profil fran en hég morinkulle vid Harnas 
som genomschaktades vid omliggningen 
av jarnvigen mellan Furuvik och Skut- 
skar, fig. 7. Lagerfoljden var dar f6l- 


jande: < 
ca 4 m storblockigt, svallat grus, 4 

» 0.4m sand med skal av Mytilus” 
och Cardium, ¢ 


» 0.6m postglacigen och glacigen lera. 


Lipén har sagt mig, att han utan tvivel - 
skulle ha tagit det storblockiga gruset for 
moran, om han icke kommit att narmag 
granska detsamma, sedan han funnit, 
att det palagrade de postglacigena bild- 
ningarna. Det ma alltsa medgivas, att 
den ovanligt storblockiga beskaffenheten 
av; de ifragavarande svallgrusforekom- 
sterna gor dem i viss man svartolkade 
vid forsta paseendet. I en frisk skarning 
framtrader emellertid vid narmare under-— 
sékning tydligt materialets urskoljning- 
och sortermg in efter liniira, an efter 
linsformade skikt, vilka stalla dess genesis — 
utom tvivel. 

Som av ovanstaéende framgatt, kunna 
icke lagerférhallandena vid Bjérhalsmy- 
ren, Abyfors, Holmsanger och Nottd by, 
d. v.s. de fyra lokaler, som av SANDE- 
GREN frimst aberopats som stéd fér den 
av honom framforda isoscillationsteorien, 
anvandas som bevismaterial for en dylik 
teorl. Tvartom, ratt tolkade, stjailpa de 
denna teori. Vid samtliga dessa 
lokaler har nimligen SanpDE-. 
GREN uppfattat svallgrus som 
moran. 

Efter de pavisade feltolkningarna sak- 
nas visserhgen anledning att narmare 
beréra férhallandena pa dvriga platser, 
som av SANDEGREN ytterligare anférts 
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till forman fdr denna teori, senast i beskrivningen till kartbladet 
Storvik (8. G. U. ser. Aa nr 176, Stockholm 1934), men foljande ma 
dock i detta sammanhang framhallas. 

De skilda riffelsystemen pa& hallarna i Giivletrakten visa i och fér 
sig intet annat, in att isrérelseriktningen dindrats under en sannolikt 
sen period av landisens framryckning. Det sitt, pa vilket de bada 
raffelsystemen upptrida, gor att man nirmast har anledning att antaga, 
att rérelseindringen sammanhinger med istiickets uttunning under 
avsmiltningen, vilket gjorde isstr6mningen mer beroende av det topo- 
grafiska underlaget in tidigare. 

Av den meddelade tvirsektionen fran Hastboadsen (I. c. sid. 89) 
kan ej, da varje spar av morindéverlagring saknas, utliisas annat, an 
att den dar beskrivna veckade varviga leran maste tillhéra en Asgrops- 
bildning. Nagon landis, som éverskridit asen, erfordras ej for att for- 
klara vare sig lerans lige 1 asen eller dess rubbningar. Asens till forman 
for isoscillationsteorien aberopade osymmetriska form beror sannolikast 
helt enkelt pa, att asen hinger utefter Hastebodalens dstra sluttning, 
varigenom den under landhéjningen av vagsvallet nedbrutits pa den 
éstra och pabyggts pa den vistra sidan. 

Till st6d fér isoscillationsteorien har SANDEGREN velat tolka i nord- 
vist—sydost utstrickta morinryggar som 4ndmoraner. Dessa skola 
vid Torsaker och aven pa andra stallen forekomma mitt uppe bland 
nordost—sydvistliga morinryggar (indmoranerna fran hans 4ldre 
recessionsskede) pa sadant sitt, att morinryggarna bilda ett invecklat 
rutnit. For att fa en tillfredsstallande forklaring till denna moran- 
topografi liksom till den ringa grad, pa vilken de enligt hans uppfatt- 
ning fran den Aldre recessionstiden harstammande rullstensasarna pa- 
verkats vid den férnyade isframryckningen, har SANDEGREN mast 
antaga, att den minst 70 km djupa isfronten skulle haft karaktaren av 
en is, vilken skulle ha sa gott som flutit fram. En betydligt enklare 
forklaring far man, om man antager, att de nordviast—sydostliga 
morinryggarna dro radialmoraner, vilkas kr6n tillskirpts genom den 
i dessa trakter bevisligen starka abrasionen. Ett sadant antagande 
star vidare i god 6verensstimmelse med vad vi med stéd av riffel- 
mitningarna ha ratt att sluta angdende landisens rorelseriktningar 
inom omradet. Tillfredsstillande kan man dirmed ocksa forklara det 
forhallandet, att de nordvast—sydostliga moranryggarna synas yngre 
an de nordost—sydvistliga. Pa grund av att de forra legat ensidigt 
exponerade fér vagornas omlagringsarbete, bor nedbrytning ha Over- 
viigt pa den mot nordost ut mot havet vittande sidan och palagring pa 
lisidan mot sydvast. Denna procedur maste 1 detta storblockiga ma- 
terial resultera i en langsluttande proximalsida och en brant distalsida 
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eller den form, som dessa morinryggar ha enligt SANDEGRENS beskriv- 
ning. I korsningarna med de nordost—sydvistliga indmorinerna bor 
genom denna av vagsvallet orsakade blocktransport mot de sydvastra 
lisidorna en sidan omgruppering kunna uppsta, att yngre nordviist— 
sydostliga blockvallar komma att dverlagra ildre nordost—sydvast- 
liga. a 

Pade av SANDEGREN fOrebragta skalen kan, sasom 
av det anfordatydligt framgatt, ej] en isoscilla 
tionsteori byggas. Tvairtom lata sig alla de av 
honom till férman f6r en sadan teori papekade 
forhallandena passa in sig ien landisretratt 
sidan DeGerer framstallt den pa grundval av de 
geokronologiska maétningarna inom omradet. 

Som en mycket instruktiv exkursion for studium av har berérda 
kvartirgeologiska problem vill jag rekommendera ett besdk vid de 
ovannimnda lokalerna — Abyfors, Holmsanger och Nétté — samt vid 
Statens jiérnvagars grustag i rullstensasen vid Tensmyran, norr om 
Marma, vid Dalalven, dir en vacker skirning ar blottad i ca 8 m mak- 
tigt, storblockigt, Mytilus-forande rullstensgrus, utsvammat och ut- 
rasat pa varvig lera. 


Stockholms Hégskolas Geokronologiska Institut, oktober 1937. 


Summary. 


On the supposed ice-oscillation in the neighbourhood of Gefle. 

In a paper »Om isrecessionen i Gefletrakten och den senkvartira 
geokronologien» published in these transactions 1929 and in other 
publications Dr. R. SANDEGREN has asserted the opinion that a rather 
considerable oscillation of the finiglacial iceborder, representing at 
least 200—300 years, must have taken place in the neighbourhood of 
Gefle. As this oscillation according to his opinion could not be repre- 
sented in G, DE GrEr’s Swedish timescale he reckoned with errors in 
the connections of the varve-diagrams forming the basis of the time- 
scale. I have visited the most important of the localities where SANDE- 
GREN believes that he has found evidences for this iceoscillation. 
I am able to prove that he has confused coarse glacifluvial and moraine 
gravels in secundary position with those in primary position. Some of 
the evidences produced by SANDEGREN in favour of the oscillation 
hypothesis thus have been proved to be erroneous and others are simply 
explained in more accordance with the facts assuming an icerecession 


in conformity with the course stated by Dz GuxEr’s geochronological 
measurements. 
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ZA 
In memoriam. 


Da Geologiska Foreningen den 2 februari hdll sitt sammantride, 
saknades dess ordférande, och féljande morgon kom budet, att denne, 
bergsingenjéren och verkstallande direktéren Karu SUNDBERG, efter 
en tids sjukdom just slutat sin framgangsrika levnad, innan han fénnu 
fyllt 48 ar. 

Diirmed bortgick en av den moderna, tillampade geofysikens pion- . 
jarer, vilken ocksa under en lang tid varit en av dess frimsta fore- 
sprakare savil inom som utom landet. Han var tillika bergsman, 
ledare, vetenskaplig férfattare och uppfinnare, i sistniimnda fall saval 
i fraga om flotationsanrikning som geofysik. 

Redan tidigt forstod SunpBERG att som medarbetare vinna framsta- 
ende férmagor och specialister pi magnetiska, geoelektriska, gravi- 
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metriska, seismiska samt dirmed sammanhingande omraden, och vi 
sin déd stod han sisom ledare fér en koncern bestéende av Svenska 
Diamantbergborrningsaktiebolaget (Borrbolaget) och A. B. Elektrisk 
Malmletning (Malmletningsbolaget) jimte nirstaende foretag. ; 

Bada de nimnda foretagen firo vilkinda for nutida svenska geologer. 
Under sin mer fn 50-ariga tillvaro har Borrbolaget haft att gora med 
generationer av geologer vid sina vattenborrningar, sina borrningar 
i malm, i fossilférande lager etc. Otaliga meter borrkérnor av malm 
hava geologerna krossat for analytisk undersékning, och otaliga meter 
hava knackats i smulor av paleontologer och stratigrafer under letande 
efter fossil. Men dven existensen av det helt unga Malmletningsbolaget 
har hastigt tringt in i geologernas medvetande, dels pa grund av 
bolagets manga framgangar, dels genom dess malsmans personliga kon= 
takt med geologerna. 


Kari Sunpperas egen kontakt med geologin kom sannolikt icke 
forr 4n under hans tid sasom elev pa Tekniska Hégskolans avdelning 
for bergsvetenskap aren 1910—1914. Nar han 1915 utexaminerades 
sasom bergsingenjor hade han i samband med sitt examensarbete kon- 
struerat en ny magnetometer. Samma ar publicerade han ocksa en 
uppsats om »den magnetiska kraftvagen». S:s intresse for magneto- 
metrin tog sig aven uttryck 1 en nagra ar senare utford undersékning av 
de magnetiska férhallandena 6ver och omkring Kirunavaaramalmen. 
Harvid anvandes aiven en mindre ballong fér undersékningar jamval 
pa olika hdjder 6ver malmen. Resultaten foreligga dock endast i ett 
otryckt manuskript. 

Sasom nybliven ingenjor anstiilldes 8. ar 1915 vid Guldsmedshytte 
A. B., vilket han dock lamnade ar 1918. Under aren 1918—1921 var 
han en tid anstalld vid A. 8. Porsa Kobbergruber i Norge samt en tid 
sasom platschef vid Orijarvi gruvor i Finland. 

Det var under denna tid, varen 1919,.férf. stiftade bekantskap med 
Kart Sunpperc. Ar 1917 hade Hans Lunpsere blivit bergsingenjér 
och sasom examensarbete framlagt undersdkningar 6ver elektrisk 
malmletning, vilket i maj 1918 resulterade 1 NaTHorst-LUNDBERGS 
patent pa ekvipotentiallinjemiitning med anvandande av raka linje- 
elektroder. Ktt halvar senare forelag en liknande patentansdkan fran 
Borrbolaget foranledd av de undersékningar som, oberoende av och 
aven tidigare an LuNDBERGs, utférts av ingenjor G. BERGSTROM, 
statsgeologen F. R. TecenGERN samt docenten G. BERGHOLM. 

Den 1 maj 1919 blev forf. av éverdirektér Gavetin beordrad att for 
Sveriges geologiska underséknings rikning satta sig in i ekvipotential- 
- metoden pa den av Naruorst ledda A. B. Bergsbyran, dir H. Lunp- 
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BeERG blivit anstilld. Under det att LuNpBere med liv och sjal agnade 
sig 4t den elektriska malmletningen, limnade SunpBERG honom, trots 
sitt eget mycket stora intresse fér saken, fialtet fritt och tog sjilv itu 
med problem rérande flotationsanrikning, den moderna vatanriknings- 
metod, som nu hade dykt upp och bérjat vinna terriing. Nir 8. och 
LunpseErG traffades blev det alltid livliga diskussioner, den ene fram- 
Jade sina resultat i fraga om flotation, den andre sina om de elektriska 
matningarna och ofta drogs férf. in, d& geologiska spérsmal givetvis 
inte kunde undgas. 

Omkring midsommar 1919 fick LuNDBERG uppdraget att. utfora 
elektriska mitningar for Orijirvi gruvbolags rikning vid Orijirvi och 
Ihjarvi gruvor i Finland. I dessa mitningar deltog Aven férf. och bada 
voro vi da under ett par veckor giister hos platschefen Kari SuNDBERG 
och hans unga maka. Uppdragsgivaren 8. féljde ivrigt med matningarnas 
fortgang och foranledde givetvis genom sin sakkunskap, att all tankbar 
méda lades ned for att fa basta méjliga resultat. Forf. erinrar sig ocksa 
fran denna tid en del in- och utlindska patentbrev rérande flotation, 
som 8. stolt framvisade. 

Tva ar senare méttes SuNDBERG, LuNDBERG och forf. pa Skellefte- 
filtets ur modern malmletningssynpunkt ganska jungfruliga mark. 
Under aren 1921—1924 var 8S. nimligen ledare for Centralgruppens 
Emissions A. B:s geofysikaliska miatningar, vilka huvudsakligen av- 
sago Vasterbotten eller narmare bestamt Skelleftefaltet. Vid samma tid 
eller 1921 kom forf. till samma falt for att utfora ekvipotentialmiétning 
for Sveriges geologiska underséknings rikning efter att tidigare hava 
prévat metoden i Vasterbottensfjaillen somrarna 1919 och 1920. Forf. 
arbetade delvis tillsammans med Hans LunpBERG, men denne hade 
4iven arbeten for andra uppdragsgivare. 

Pionjartiden i Vasterbotten eller de forsta malmletningsaren dar 1 
bérjan pa 1920-talet var egentligen att betrakta sasom »den gamla 
goda tiden». Visst kunde bostadsférhallandena vara ganska enkla, 
stundom otroligt primitiva, visst var det daligt med vagar, ont om bilar 
och langt mellan telefonerna, men det lag nagot visst tjusande 6ver 
det hela, en viss ro men samtidigt samma intresse, Samma spanning, 
som en riktig malmletare aldrig gar fri fran. Huméret hélls uppe och 
triffades konkurrenterna, vare sig det var i nagon bondgard eller pa 
Norsj6 Gastis eller annorstiides, var simjan god. Fran Centralgruppens 
hégkvarter i Menstrisk kunna pionjirerna diruppe beratta manga 
glada minnen; nu aro tva av huvudpersonerna, geologen OLor BacK- 
str6M och geofysikern Kart SunpBerG, borta. De hunno dock upp- 
leva Bolidens och alla de andra fyndigheternas upptickt, den nya 
bergslagens fédelse, vignatets fértitning. Nu pingla telefoner i snart 
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sagt varje by, bussar och bilar ila fram mellan gruvorna, kompressor 
stanka litet hiir och var. Odemarken i den delen av Visterbotten h 
fatt liv. 

Under den tid Karu SunppBeErG arbetade for Centralgruppen, had 
han tillfille att experimentera och préva alla sina manga idéer oe 
uppslag i fraga om elektrisk malmletning. Utlandets rén i detta ha 
seende studerades, granskades och prévades och gavo uppslag till de 
elektromagnetiska malmletningsmetoden, som 8. bragte till praktisk 
anvindbarhet och iiven utvecklade vidare bl. a. genom inférande ay 
tvarammitningen. I detta arbete understéddes han av dr AXEL Linp- 
BLAD i Centralgruppen och dr Vos i Radiobolaget. ; 

Ar 1923 startade Borrbolaget ett sirskilt prospekteringsbolag, A. 
Elektrisk Malmletning, i vilket Hans LunpBere anstilldes. Foljande 
Ar, 1924, knéts iven SunpBERG till detta foretag, sedan Centralgruppen 
ingatt som deligare i detsamma. Detta var enligt forf:s personliga 
asikt den naturliga losningen av situationen. Dessférinnan arbetade 
SUNDBERG pa sitt hall med elektromagnetiska metoder och Hans 
LUNDBERG pa sitt med ekvipotentialmitning och andra metoder. Nu 
kunde onédiga dubbelarbeten och tidsédande experiment undvikas, 
pa Omse sidor vunna rén gemensamt utnyttjas och de elektriska malm- 
letningsmetoderna pa allvar exploateras utomlands. Teoretikern och 
teknikern Kart SuNDBERG samt den intuitive faltmataren och »mana- 
gern) Hans LunpBera kompletterade varandra pa ett synnerligen 
lyckligt sitt. Nu fodrbittrades de elektriska metoderna hastigt, nya 
provades och fingo praktisk tillampning, instrument- och apparatut- 
rustningarna forbattrades oupphérligt. Den sa betydelsefulla metoden 
att utreda oljefaltens tektonik pa geoelektrisk vig kom till pa Sunp- 
BERGS uppslag, sedan.denne pa Cypern misslyckats att finna de kop- 
parmalmer han sdkte men i stillet konstaterade att det pa salter rika 
grundvattnet gav utslag. Nya geofysikaliska metoder sasom gravi- 
metri och seismologi togos i prospekteringens tjiinst. Uppdragen 6kade 
undan for undan, medhjilparstaben vixte, och snart hade Malmlet- 
ningsbolaget ingenjorer ute dver hela viarlden. Det 1923 startade 
dotterbolaget Swedish American Prospecting Corporation i U. S. A. 
var en god plattform for denna expansion. 

Geologin hade fatt en ny hjilpvetenskap, geofysiken, vilken redan 
hunnit gora geologerna manga och viirdefulla tjanster. Sverige, forut 
kant sasom foregangsland i fraga om magnetometri, har ater hivdat 
sin bergsmannaira. 

Det ma i detta sammanhang framhallas att S. i en av sina sista 
publikationer framhaller aven geokemien sdsom en faktor att rakna 
med ifraga om uppletandet av virdefulla metaller. 
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Det ar intet tvivel om att denna geofysikens storartade utveckling i 
Sverige maste tillskrivas Kart Sunpperc, kanske ej sa mycket pa 
grund av hans personliga insats i varje enskilt fall som p& grund av 
hans idérikedom, hans oriiddhet att forsdka nagot nytt, att expandera, 
men kanske allra frimst pa hans formiga att som ledare samla omkring 
sig en krets av ypperliga medarbetare vare sig det gillt vetenskaplig 
forskning, organisatoriska uppdrag eller krivande matningar 1 polar- 
trakternas vinterkyla eller i de afrikanska éknarnas sommarhetta, 
Minnet av den vasterbottniska myggen, pionjirarens plagoris, blek- 
nar infor alla de prévningar en modern internationell malmletare far 
vara beredd pa. 

Enligt forf:s personliga uppfattning var Kart SunpDBERGs dverging 
eller kanske riktigare atergang fran anrikningsproblemen till geofysiken 
av utomordentlig betydelse for denna vetenskaps utveckling i vart land. 
Att denna skett i sa intimt samarbete med geologin, som fallet ar, 
maste geologerna givetvis tacksamt erkanna. Desto forr kunde de 
i sin tur utnyttja geofysikens landvinningar. Att Skelleftefaltets ut- 
vecklingshistoria ar parallell med den, som den moderna geofysiken 
genomgatt har 1 landet, ar mycket forklarligt. De forsta malmupptiack- 
terna 1 Vasterbotten, 1918—1919, gjorda med hjilp av ekvipotential- 
metoden, blevo faktiskt den sporre, som satte fart pa den geofysikaliska 
malmletningen i Sverige. Overdirektér GavELIN visade redan 1919 sin 
tro pa den elektriska malmletningens méjligheter genom att lata forf. 
sitta sig in 1 ekvipotentialmetoden samt anskaffa en egen utrustning 
for S. G. U:s rikning for matningar i »egen regiy. Dr Axet LINDBLAD, 
direktér i Centralgruppens Emissionsbolag, engagerade Kari SUNDBERG 
ar 1921 fdr att leda deras geofysikaliska malmletningar. Dessa chefers 
tilltro till de nya metoderna har icke svikits. 

Ar 1925 tilldelades Kari SuNDBERG, sedermera ar 1934 medlem av 
akademien, Ingenjérsvetenskapsakademiens lilla: guldmedalj for for- 
tjinster till fromma fér den elektriska malmletningens utveckling. 

Ar 1934 blev S., som sedan 1930 varit verkst. direktor 1 A. B. 
Elektrisk Malmletning, utsedd till motsvarande befattning i Svenska 
Diamantbergborrningsaktiebolaget. Detta inképte nimligen da Malm- 
letningsbolaget som 1929 dverlatits p&é SunpBERG m. fl. ingenjorer, 
som da arbetade i U. S. A. Hiarmed blev S. chef fér en koncern besta- 
ende utom av Borrbolaget och Malmletningsbolaget samt det senares 
amerikanska dotterbolag, ‘iven av en del andra nirstaende foretag. 
Namnas ma Crelius East African Drilling Co. Ltd., Nairobi, samt 
Lange, Lorcke et Co. G. m. b. H., Dresden. SUNDBERGS intresse for 
kartlagening och prospektering fran luften tog sig bl. a. uttryck dari, 
att samarbete etablerades med Geological Air Surveys Ltd., London. 


128 KARL SUNDBERG. [Jan.—Febr. 19397) 


Pa allra senaste tiden skapades inom koncernen en geologisk konsulta~ 
tionsavdelning samt ett nytt dotterbolag A. B. Mineral Invest for 
exploatering av fyndigheter. ; 

Aven inom diamantborrningen hann 8. gora personliga insatser. 
Hirvid ma framhallas att 8S. sirskilt intresserade sig for att fa fram 
en snabbgdende maskin, varigenom man skulle kunna anvanda sig_ 
av boarts, billiga diamanter, i stillet for de forut mest anvanda dyr- 
barare carbons. En borrkrona drar hirigenom en kostnad, som ar 
avsevirt mindre 4n vad som tidigare varit fallet. Nu saittas »kronor- 
na) i stor utstrackning pa verkstaden i Sundbyberg, och képare av 
diamantborrmaskiner kunna fa sina kronor billigt och direkt fran borr- 
bolaget, dit de ocksa kunna atersindas fér omsattning. 

De fodrsta dagarna i mars 1938 anordnade Borrbolaget och Malm- 
letningsbolaget i Sveriges geol. undersédknings lokal och dar utanfor en 
demonstration av sina arbetsmetoder och tillverkningar. SUNDBERG 
gav darvid i ett kort féredrag i samband med filmférevisning en ex- 
posé dver foretagens verksamhet. Dessutom demonstrerades en hel 
rad geofysikaliska instrument och apparatutrustningar jamte deras_ 
anvandningssatt och med kartor belystes iven en del vunna resultat. 
Forsta dagens demonstration évervars av DD. KK. HH. Kronprinsen 
och Prins Carl. Utanfor voro en del olika borrmaskinsmodeller upp- 
stallda, savaél diamantbergborrningsmaskiner som stétborrningsmaski- 
ner. Efter demonstrationen tillmétesgick SunNDBERG en anhallan fran 
Riksmuseets Mineralogiska avdelning, att genomborra det utanfér 
museet liggande bekanta jirnblocket fran Ovifak pa Grénland, var- 
vid en 188.5 cm lang karna av gediget jirn erhdlls. 

Sasom erkinsla fér denna borrning tilldelade K. Vetenskapsakade- 
mien SUNDBERG sin storre Linnémedalj i silver varen 1938. Samma Ar 
erhéll 8. aven riddartecknet av Nordstjirneorden. 

Kari SuNDBERGs stillning bland geologerna belyses bast genom att 
anfora, att han den 1 december 1938 valdes till ordférande i Geologiska 
Foreningen i Stockholm. Tyviarr blev det Féreningen ej férunnat att 
se honom presidera vid nagot méte. Sjialv hade han tidigare sisom ord- 
forande 1 Teknologforeningens avdelning for kemi och bergsvetenskap 
rackt geologerna handen genom inbjudan till Geologiska Féreningens 
medlemmar att deltaga i avdelningens sammantriden. 

Av vad som hittills anforts, torde det sta klart for varje lasare, att 
den arbetsbérda 8S. hade patagit sig i och med sin chefstillning, med 
vilken aven foljde talrika och langa utlandsresor, borde varit mer An 
nog for en vanlig manniska, men den var det icke for S. Han patog 
sig allt mojligt extra och medhann likval ett omfattande vetenskapligt 
forfattarskap, vilket sasom framgar av nedanstaende forteckning rérde 
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sig pa vitt skilda amnesomraden. Kart Sunppere foll pa sin post. 
In i det sista mottog han sina medarbetare i bolagen for konferenser, 
och sa sent som séndagen fore Geologiska Féreningens senaste samman- 
trade undertecknade han kallelser till ledamotskap i nimnda forening. 

Forf:s personliga uppfattning av 8. fran en 20-arig bekantskap dr 
att denne var en rakryggad, vinsill man. Aven om den ungdomliga 
glattigheten, stundom ysterheten fran pionjirtiden i Visterbotten sa 
smaningom, liksom hos de flesta, i nagon man fick vika hos den allt mer 
bemarkte, framatgaende ingenjéren och sedermera direktéren, var 
han dock alltid den vinlige, beredvillige vinnen vilken alltid gav Klara 
besked. Nar forf. t. ex. de tva sista aren hade att géra med 8. i tjainsten 
och maste anlita telefon fran 6vre Norrland fér att ordna nagot mellan- 
havande, da var det ingen risk att ej minuterna skulle ricka till, svaret 
fanns alltid till hands. 

Med den personliga kinnedom forf. har fran de féretag 8S. var ledare 
for, ir det icke formiitet att uttala sasom en bestiimd 6vertygelse att 
alla i dessa arbetande hégt viirderade honom och sago upp till honom 
knytande stora férhoppningar till foretagens fortsatta framatgaende 
under den ledning, som redan efter kort tid givit starka skal hartill. 
For alla kamraterna i arbetet var han ocksa en uppskattad van. 

Han efterlamnar maka f. Pehrson samt son och dotter. 

De svenska geologerna bringa honom sin hyllning och sitt tack. 


Alvar Hégbom. 


Kari SUNDBERG 
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Forteckning éver tryckta arbeten forfattade av Karu SUNDBER 
ensam eller i samarbete med andra. 
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Berichtigung. 


te gh 


Otor H. Serine, Entwicklungsgeschichtliche Studien im Molken-See 
mit besonderer Riicksicht der Frequenzwechsel der Makrofossilien (Geag 
logiska Foéreningens Férhandlingar 1938, H. 3). 

In diesem Aufsatz sind folgende Druckfehler vorhanden, die ich erst jetat 
in der Lage bin, zu berichtigen, da ich das Probelesen infolge meiner Reise 
nach Hawaii nicht selbst iibernehmen konnte. ' 

8. 471 steht: Ablagerung der Diasporen statt: Ablagerung der fruktifika- 
tiven Diasporen. 

S. 472 steht: das Pollendiagramm Fig. 8 statt: das Pollendiagramm Fig. 6. 

S. 479 steht: Almus statt: Alnus. 

S. 481 steht: (etwa 28 x 18 wu) statt: (etwa 28 x 18 yu). ’ 

S. 481—489: in der Tabelle werden die Nummern der Proben 24—33 in 
25—34 geindert. 

Ich méchte hier auch die Gelegenheit ergreifen, den Ausdruck zu verbessern, 
den ich angewandt habe, um die vegetative Fossilienkomponente zu bezeich- 
nen, die ich nach den Schlammungen und der Herauslesung der fruktifika- 
tiven Fossilien erhielt. Ich nannte diese Komponente »Grobdetritus» (S. 458, 
479) und sprach deshalb im Texte von »Grobdetrituskurve», »Grobdetritus- 
maximum) u. 8. w. Ich halte es aber fiir das beste, das Wort Grobdetritus zu 
diesem Zwecke nicht zu brauchen. Um ein besseres Wort zu erhalten, méchte 
ich in den Fiillen, wo es in meinem Aufsatz angewandt worden ist, um einen 
vegetativen Schlammungsrest zu bezeichnen, ‘das Wort »Grobdetritus» mit 
»vegetativen Makrofossilien) ersetzen (vgl. die Erérterung 8. 458). 

Gleichfalls hat auch em Satz eine fehlerhafte Ausgestaltung erhalten. S. 
476 steht: »Bei den Pollenanalysen fand ich naémlich eimen Trapa-Pollen (vgl. 
Fig. 9), der zeigt, dass die Art auch hier in abiegner Zeit noch vorkam». 
Begreiflicherweise ist diese Aussage allein nicht hinreichend. Es war aber 
der Fall, dass ich bei einer nach der obenerwihnten Analyse vorgenommenen 
Durchrechnung von etwa 900 Pollenkérnern noch drei Trapa-Pollen fand, 
was mir Anlass gab, den Satz ohne Einschrinkung zu formulieren. 


Stockholm im Januar 1939. 
Olof H. Selling. 
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Anmiilanden och kritiker, 


Om den s. k. svenska tidskalans férmodade riktighet. 
Av 


R. SANDEGREN. 
(Manuskr. inkommet 4/2 1939.) 


I detta hafte av Férhandlingarna har Dr C. CaLpEentvs i en uppsats med 
titeln »Den férmodade israndsoscillationen i Giivletrakten» dragit en lans fér 
G. Dr Geers s. k. svenska tidskala, i det han séker visa, att de forhallanden 
jag vid flera tillfiillen (G. F. F. Bd 51 s. 465 0. 573, Bd 52 s. 374, Bd 53 s. 361 
0. 364 samt 8S. G. U. Ser. Aa. N:o 176) anfort som indicier pa, att israndens 
recession 1 namnda trakt varit avbruten av en stérre framryckning, enklare 
late sig tolkas pa annat sitt. Salunda skulle min uppfattning, att tidskalan 
tillmiiter detta avsmiltningsskede en alldeles fér kort langd, vara oriktig. 

C:s uppsats utgér referat av ett av honom a Geologklubben vid Stock- 
holms Hégskola den */, 1938 hallet foredrag,! dir jag anmodats narvara och 
salunda hade tillfaille muntligen beméta C:s framstallning. 

Med anledning av det livliga intresse hrr CaLDENIUS och von Post visat 
for Sveriges Geologiska Underséknings pagaende arbeten i Giavletrakten, an- 
ordnade éverdirektér GAVELIN den 20—22 maj 1938 en exkursion till namnda 
omrade, i vilken exkursion, forutom hr GAVELIN, hrr CALDENTUS, O. CLAES- 
son, EK. Fromm, G. Lunpevist, L. von Post, K. EK. SAHLSTROM samt under- 
tecknad deltogo. Avsikten hirmed var dels att giva dem, som sjilva ej ar- 
betat dir, en inblick i traktens kvartargeologi, dels att bereda samtliga del- 
tagare tillfille att i falt diskutera de har féreliggande problemen, innan be- 
skrivningen till det geologiska kartbladet Giavle utgaves. 

Det ar dirfér med den stérsta forvaning jag konstaterar, att CALDENIUS I 
sin, visserligen okt. 1937 daterade, men enl. Féreningens sekreterares anteck- 
ning férst den 15 sept. 1938 inlamnade uppsats icke med ett ord omnamner 
denna exkursion, in mindre de medgivanden om de faktiska forhallandenas 
dverensstiimmelse med av mig tidigare lamnade framstiillning, vilka han da 
gjorde och som stiilla fragan i en helt annan dager, iin han i sin uppsats vill 
gora gillande. Detta tillvigagangssitt synes mig synnerligen egendomligt, 
om CaLpEntus verkligen med sin aktion avser att limna ett objektivt bidrag 
till losandet av Givletraktens kvartirgeologiska problem. 

I mitt yttrande efter C:s foredrag erkiinde jag ofdrbehallsamt, att sadana 
av grovt, moranliknande material bestaende lager, som Lipén vid Harnis 
funnit dverlagra Mytilus-forande sand, otvivelaktigt maste vara svallgrus 
och likaledes, att det pa Mytilus-forande skikt vilande gruset i asen vid 
Abyfors maste tillhéra svallgruskappan (asskalet enl. C:s terminologi), och 


1 Foéredragets titel var: Den férmenta stora finiglaciala isoscillationen i Gavle- 
trakten. Se G. F. F. Bd 60, sid. 649. 
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framhéll vidare, att jag ingalunda vore friammande for det forhallandet, att 
avlagringar av denna art, och stundom av ansenlig miktighet, hade stor ut- 
bredning i denna trakt, vilket jag f. 6. omnimnt i beskrivningen till kart- 
bladet Storvik, sid. 87 och 108. Under den ovannimnda exkursionen had 
vi fiven tillfalle studera synnerligen instruktiva skirningar genom svallg 

av anmirkningsvart stor miktighet bl. a. pa asen vid Tensmyran mellan 
Marma och Alvkarleby, V om Furuvik mellan Harnés och Givle samt vid 
Overhirde SV om Giivle. Pa dessa savil som p4 flera andra stillen konsta- 
terades, att svallgruset féretridesvis upptriider pa vastra och sydvastra_ 
sidorna av asar, morinkullar och moranryggar och tydligen hopats dar ge-— 
nom en av fran NO kommande vagor och brainningar 4stadkommen utom-— 
ordentligt kraftig, marin abrasion, som maste ha agt rum, da nimnda héjder— 
genom landhéjningen bragts upp inom brinningszonen. Att materialets om-_ 
lagring natt sa stora dimensioner beror otvivelaktigt pa terringens utom- 
ordentliga flackhet, som haft till foljd, att under successiva landhéjnings-— 
stadier viildiga ytor av med sma, uppstickande grund uppfyllda grundhavs- 
omraden samtidigt kunnat paverkas av fran 6ster obehindrat kommande 
vagor och branningar. : 

I fraga om uppfattningen rérande detta fenomen syntes samtliga exkur- 
renter vara fullt eniga, ehuru forvaning fran flera hall uttalades 6ver de stora 
dimensioner den marina abrasionen har natt. Betraffande asen vid Abyfors, 
dar alltsa det 1 maj 1938 synliga snittet gick genom Mytilus-foérande svall- 
grus, framhdll jag, att detta snitt tillfélje fortsatt grustikt befinner sig vid 
en linje atskilliga 10-tal meter langre at NO an det snitt jag tidigare omtalat 
sisom gaende genom en enligt min uppfattning primar askirna. Da snittet 
gick genom denna, funnos inga Mytilus-forande lager att se. Grustaget har 
sedan 1929 ar efter ar, allteftersom grustaikten fortsattes vidare at NO, 
studerats av O. CLAESSON och undertecknad. Redan 1934 iakttogos skal av 
Mytilus och Macoma baltica mellan svallgruskappan och askiirnan, ehuru pa 
betydligt hogre niva an dir sadana antraffades 1938. Det snitt, som var 
tillgingligt vid sistnimnda tillfille, befinner sig enligt min mening i en 
svacka mellan tvenne primira askullar, som tillfélje den marina abrasionen’ 
utfyllts med fran kullarna nedspolat svallgrus, varigenom asen erhallit sitt i 
stort sett tamligen jamnhéga krén (jfr Beskrivn. till Bl. Storvik sid. 86—87). 
Fragan torde endast kunna avgéras genom fortsatta studier, i den man grus- 
takten gar vidare mot NO. 

CALDENIUS anser, att aven det storblockiga material, som tiicker leran vid 
Bjérhalsmyren, icke skulle vara moran utan svallgrus. J ag vill har endast 
erinra om, att G. De Grrr, som sjalv besdkt platsen, i ett diskussionsinlagg 
efter C:s foredrag, dir C. framstillde niimnda tolkningsforslag, vidholl sin 
mening, att materialet ar moriin, ehuru han ju anser, att denna tillhér en 
morianflotte. 

De stérningar i den varviga leran, som upptrida dverallt inom hela det 
omrade, dir frin NO kommande rafflor samt NV—SO-riktade andmoraner 
forefinnas, vill Catpentus vid Asbyggeby tolka sasom uppkomma genom 
skred, som intraffat, »sedan den intill nordvastra dalsidan liggande hégre 
lerterringen lyfts ovan strandnivan, vilket av hdjdlaget att déma agt rum 
efter Litorinahavets transgressionsmaximum. I de rubbade lerlagren fore- 
komma namligen inbakade linser av sand, som torde ha tillhért strandsan- 


den pa platsen.» 
; 


EL my 
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Redan 1931, i Bd 53, sid. 367 av denna tidskrift, har jag visat, att stor- 
ningarna 1 Valboslaittens varviga lera intriffat i senglacial tid, nar vatten- 
djupet dar annu dversteg 100 m, alldenstund den starkt veckade och hop- 
knadade leran vid Abyfors diskordant dverlagras av horisontellt liggande, 
ostérd, tunnvarvig lera, som uppat 6vergar i ancyluslera, och ovanpa vilken 
Litorinahavets avlagringar vila. Fran den 4 fig. 3 i O:s uppsats avbildade 
skirningen i lertaget vid Asbyggeby insamlades vid exkursionen prov bl. a. 
av den sand, som enligt C:s uppfattning skulle tillhéra litorinatidens strand- 
sand och vid skredet inbakats 1 de skridna lermassorna. E. Fromm, som ut- 
fért mikroskopisk undersékning av dessa prov, har godhetsfullt meddelat 
féljande: »I lertaget vid Asbyggeby ha pollen- och diatomacéanalyser utférts 
dels pa i varvig lera inveckade sandlinser, dels pa mérk mikrovarvig lera 
nira ytan. I intet av proven antriiffades diatomacéer. Vid pollenanalyserna 
ha trots fluorvatekokning blott enstaka pollen av Pinus, Betula, Alnus och 
Hippophaé patraffats. Denna flora tyder pa, att det i skredrérelsen del- 
tagande materialet ar av senglacialt ursprung, vare sig pollenet ar primart 
inlagrat eller harrér fran senare féroreningar. Nagra slutsatser om skredets 
alder kan diremot ej dragas ur pollenanalysens resultat.» 

Fér mig synes emellertid detta resultat, som dverensstimmer med CLAES- 
sons och mina egna undersékningar vid Abyfors, ge ett gott stéd at var 
uppfattning om stérningarnas senglaciala alder, ty de verkliga litorina- 
avlagringarna hir iro, sasom jag kunnat visa, rika pa saval diatomacéer som 
pollen. 

Bland de veckningsstrukturer de stérda lerlagren i Gavletrakten uppvisa 
aro sadana, som den CaALDENTIUS avbildat 1G. F. F. Bd 35, sid. 324, fran D6- 
viken i Jamtland och som enligt honom uppkommit genom en isoscillation, 
mycket vanliga. 

De for tolkandet av traktens senglaciala geologi viktigaste fenomenen aro 
emellertid enligt min mening rafflor och glacial skulptur i 6vrigt samt and- 
moraner. Rérande dessa fick atminstone jag det intrycket, att en viss enig- 
het uppnaddes under exkursionen. CALDENIUS intager emellertid i sin upp- 
sats harutinnan antingen oférandrat den uppfattning han gav uttryck at 1 
sitt foredrag, men som under exkursionen visades vara oriktig, eller ock 
fértiger han sadana fakta, som demonstrerades under exkursionen och varom 
enighet naddes. 

I fraga om rifflorna siger CALDENTUS salunda: »De skilda raffelsystemen pa 
hallarna i Gavletrakten visa i och fér sig intet annat, in att isrorelserikt- 
ningen andrats under en sannolikt sen period av landisens framryckning. 
Det sitt, pa vilket de bada raffelsystemen upptrada, gor att man narmast har 
anledning antaga, att rérelseindringen sammanhinger med istackets uttun- 
ning under avsmaltningen, vilket gjorde isstrémningen mer beroende av det 
topografiska underlaget an tidigare.» ; 

Under exkursionen studerades rafflorna ingaende pa trenne lokaler, nam- 
ligen pa Furskar, vid Jarvsta och vid Nyvall O om Bomhus, varvid visades 
férst och frimst, att tvenne distinkt olika raffelsystem foreligga, ett aildre 
fran NV och ett yngre fran NO, samt dessutom, att vid det yngre raffel- 
systemets inristande en fullstandig omformning av de vid det aldre systemets 
inristande utbildade rundhillarna agt rum, i det att nya stét- och lasidor ut- 
pildades. Detta kan icke ha skett vid en rérelsedndring i samband med is- 
tickets uttunning under avsmiiltningen utan kriver en verklig framryckning 
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av en kraftigt eroderande inlandsis. Det aldre systemets rafflor finnas enda 
bevarade pa sidana partier av hillarna, som tillhéra det yngre systeme 
lisidor, och som i vissa fall, t. ex. vid Jarvsta, anda till dess att de blotta 
genom jordrymning for vigarbeten, varit tickta av mordn, som avlagrats 
de yngre rundhiillarnas lisida nedanfor kraftiga plockningsarr. 

De langa, smala ryggar med flack nordost- och brant sydvastsluttning, vilka 
jag uppfattat som recessionsmoriner, avlagrade vid avsmaltningen av de 
istiicke, som vid sin framryckning inristade de yngre rafflorna, vill CALDE- 
NIus nu tolka som radialmoriner, utbildade vid den aldre isrérelsen fran NV, 
»vilkas kron tillskirpts genom den i dessa trakter bevisligen starka abrasio 
nen). Denna tanke framkastade von Post redan under exkursionen, da dess 
ryggar studerades inom Valbo socken V om Gavle, dar, sasom ovan naémnts, 
svallgrus ofta avlagrats pa ryggarnas sydvastsida. Denna valltopografi, som 
med konsekvent bibehallande av samma huvudriktning dr ett av de mest 
framtriidande dragen inom hela det av diskussionen berérda omradet, kan 
fdljas mil efter mil mot SV anda ned till trakten av By kyrka vid Dalalven. 
Nar exkursionen hunnit till Sterte i Osterfarnebo socken, dir inga spar av_ 
marin abrasion kunde iakttagas, icke ens den minsta sandavlagring nedanfor 
moranryggarnas branta sydvastsluttning, erkinde saval CALDENIUS som VON” 
Post, att otvivelaktiga 4ndmoraner och andmoranlandskap foreligga har. 

Man kan salunda konstatera, hurusom den marina abrasionen, som inom 
hela det flacka kustlandet gér sig utomordentligt starkt gillande, inat land 
och i skydd av hégre terring successivt avtager. Det synes mig darfér ofran- 
komligt att, om dessa ryggar av sakkunskapen godtagas som andmoriner- 
inom omradets sydvastra del, aven erkinna denna deras karaktiér inom sa- 
dana omraden, dir de varit utsatta for senare marin abrasion, och dar de— 
talrika raffelobservationerna visa, att den sista inlandsisen i trakten rért sig ; 
i en mot desamma vinkelrat riktning. 

A kartan, fig. 2,iG. Dz Grrrs uppsats, »Varve datings contra sup postal 
1G. F. F. Bd 60, sid. 239, framstiillas israndlagena enligt varvmatningarna — 
gaende 1 VSV—ONO just inom det omrade, dir sakkunskapen i falt, som 
ovan nimnts, ir enig om, att andmoriner, resp. andmoradnlandskap med — 
NNV—SSO-lig riktning foreligga. Israndligena enl. varvmatningen ga sa-— 
lunda dar vinkelratt mot den av de yngsta, friska indmoriinerna registrerade — 
riktningen, men parallellt med en av ildre rifflor och indmoriiner dokumen-_ 
terad riktning. Varvmitningarna vid Hagastrém, Abyfors och Asbyggeby © 
aro ocksa utférda inom lokalt relativt ostérda partier av de lerlager, som 
regionalt inom hela den trakt, diir yngre rafflor och andmoriner upptrida, 
visa starka stérningar. 

Den isrecession Dr Geers karta vill visa kan alltsa icke hanfora sig till 
den sista inlandsisens bortsmaltande fran Givletrakten, och haray foljer, 
att De Geers kronologi icke ger en riktig och fullstindig bild av isavsmalt-_ 
ningens férlopp i denna trakt, och att det finiglaciala skedet i tidsskalan sa-_ 
lunda ar fér kort. 


Summary. 
On the suppos:d exactness of the so-called Swedish time-scale. 


In a paper, »Om den formodade israndsoscillationen i Gavletrakten» 
(»On the supposed ice-oscillation in the neighbourhood of Gefley), G. F. F. 
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Bd 61, 1939, Dr C. Catpentvus claims that. he has found evidences against 
the author’s opinion that a considerable ice-oscillation has taken place in 
that region in Late-Glacial time. 

In this paper the author states that Carpentus has paid no or very little 
attention to the most important evidences in favour of an ice-oscillation, viz. 
the glacial striae, the glacial sculpture of the rocks, and the terminal moraines. 
All these features show that the last ice-sheet in this region moved from NE 
to SW, and melted away from SW to NE. As the time-scale of DE GEER 
reckons only with an earlier ice-recession from SE to NW, it does not com- 
price more than a part of the Late-Glacial time. 


Den férmodade finiglaciala israndsoscillationen i Giavletrakten. 


Slutord. 


Da jag fatt del av dr SanpEGRENs bemétande av mitt inligg om den fini- 
glaciala isrecessionen i Givletrakten, far jag pa det utrymme, som star till 
buds, anféra féljande. 

Da de under exkursionen i maj 1938 gjorda iakttagelserna i allo bekraftade 
den uppfattning angaende de finiglaciala forhallandena i Gavletrakten, som 
jag anfort i mitt foredrag, saknade jag anledning att géra naegra tillagg till 
min tidigare framstillning. Nagra medgivanden till forman fdr en annan 
uppfattning an den, jag diir uttryckt, har jag ej gjort vare sig under exkursio- 
nen eller vid andra tillfallen. 

Under exkursionen iakttogos tva raffelsystem men blott ett 
andmorainsystem, parallellt med De Geers isrecessionslinjer, och 
blott ett assystem. Ingen morin6dverlagring vare sig pa 
asarna eller pa den varviga leran iakttogs, trots att just de lokaler besdktes, 
fran vilka SANDEGREN beskrivit sadan morianéverlagring. Det dar forekom- 
mande storblockiga gruset pa leran visade sig 6verallt vara svallgrus. De 
nord—sydliga rullstensisarnas deformation konstaterades bero pa marin 
inverkan genom oliksidig pabyggnad, som givit dem branta vast- och lang- 
sluttande ostsidor. Aven morinkullarnas vistsidor visade sig ha tillskirpts 
genom liknande marina omlagringsprocesser, varvid vastbranter uppstatt 
som av SANDEGREN uppfattats och karterats som iindmoriner. Veckningarna 
inom den varviga leran visade sig i det sitt, pa vilket de upptrada, helt 
beroende av statiska andringar i samband med landhéjningen och pa ler- 
lagren utsvammade svallgrusmassor. De kunna lika litet som deformationen 
av askronen siattas i nagon som helst férbindelse med landispaverkan. F6lj- 
aktligen foreligga i Gavletrakten bevis fér en isrérelseandring 
men ej fér en israndsoscillation. 


Saltsj6-Duynis 19 februari 1939. , 
Carl Caldenvus. 
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T. Haute, De utdéda vaxterna. Vaxternas liv. Bd IVa 
sid. 449—667. Stockholm 1938. 


Genom sitt utforskande av Skanes fossila flora bleyv A. G. NATHORST en ay 
nydanarna inom den paleobotaniska vetenskapen. Den ledande stallning, 
som Syerige dirmed intog pa detta omrade, har med framgang havdats ay 
hans efterféljare Hattie och Fortin, vilkas banbrytande insatser i fragan 
om de fossila vaxternas anatomi och hirstamning fro kanda och erkénda. — 

I det under utgivning varande verket »Vaxternas livy har nu prof. HALLE 
skrivit en dversikt av de utdéda vixterna, varav férsta delen féreligger i 
tryck. I motsats till de stora utlandska handbéckerna, som lagga huvud- 
vikten vid den rena systematiken med beskrivning av stérre och mindre- 
systematiska enheter, betonar Hate framfér allt fylogenetiska och onda 
aktuella problem, samtidigt som han sdker ge en 6verblick 6ver de olika 
vaixtgruppernas utbredning, morfologi och anatomi. [ 

Inledningsvis framhalles bl. a. de fossila vixternas betydelse for forstaelsen 
av vaxtvirldens utvecklingshistoria. Hir behandlas ocksi paleobotanikens 
historia, belyst av en rad portratt, den geologiska tidsindelningen samt fos- 
silifiering och bevaringssitt. I den féljande framstillningen, som bérjar med 
de ligst staende vixterna, omnimnas forst upptradandet av bakterier och 
blagréna alger, av vilka en del fynd iro tamlgen siikra men manga starkt 
omtvistade. Mera utférligt omtalas grénalgerna, bland vilka kransalgerna 
spelat en stor roll som bergartsbildare och aven aro val utforskade. Huvud- 
intresset knyter sig dock till karlvaxterna, som upptaga mer an */, av utrym- 
met. Har ges forst en redogorelse for de intressanta primitiva psilofytalerna 
och deras betydelse for karlvaxternas ursprung. Hirefter féljer en utforlig 
behandling av olika karlkryptogamer och pteridospermer (ormbunkslika fré- 
vaxter), deras fylogenetiska relationer och geologiska historia, samt till sist 
ett kort kapitel om formodade mesozoiska pteridospermer och Caytoniales, 
de senare nyligen pavisade men féga kinda jurassiska frovaxter, som tyckas 
tillhdra en ofirdig utvecklingslinje av angiosperm typ. Ovriga grupper, bl. a. 
cycadofyter, barrtraid och angiospermer, skola komma i en andra del. 4 

Framstallningen ar atféljd av talrika och instruktiva bilder samt dr rik pa 
uppslag och nya synpunkter. Den ar njutbar dven fér andra an botanister 
av facket, och sarskilt for geologer finnes mycket av intresse. Markligt nog 
ar detta det forsta mera utforliga arbete av detta slag pa skandinaviskt sprak, 
och geologerna ha lika stor anledning som botanisterna att vara tacksamma 
for att prof. HALLE velat ge sig i kast med den sikerligen ingalunda latta 
uppgiften att skriva en botanisk dversikt av denna helt nya typ, dar det 
paleontologiska materialet dominerar. Man skulle bara énska — och detta 
ar ett mycket angeliget 6nskemal —, att arbetet kunde utgivas i en separat 
upplaga, da det battre skulle na en geologiskt orienterad publik, for vilken 
det nu valda publiceringssittet ar synnerligen obekvimt. 


G. Ta 
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Motet den 12 januari 1939. 


Niirvarande 41 personer. 


Ordféranden for dagen, hr TRoEDsson, meddelade, att sedan fére- 
gaende mote Foéreningens ledamot fru Mirra Apera, f. RuBIn, avlidit. 


Till nya medlemmar av Foreningen hade styrelsen invalt dr Epv. 
A. Jounson, Haines, Alaska, féreslagen av hr QuENSEL, samt fil. 
kand. SrurE WeERNER, Stockholm, féreslagen av hr SaHLstROM. 


Hr Sunptvs holl ett av karta, stuffer och ljusbilder belyst foredrag 
om Berggrunden inom sydéostra delen av Stock- 
holms skairgard. En uppsats med samma titel tryckes i Sv. 
geol. unders. arsbok, Ser. C., nr 419. 


‘Med anledning av féredraget yttrade sig hrr Hotmaquist, ORTON 
och f6redraganden. 


Hr Hotmguist uttalade, att hr Sunpius’ geologiska kartering av Stock- 
holmsbladet och angrainsande skirgardsomrade vore ett beundransvart 
faltgeologiskt arbete, av stérsta varde for fortsatta utredningar av den 
synnerligen komplicerade arkeiska bergbyggnaden. Den till kartan fogade 
teoretiska framstillningen av bergarter och geologi var emellertid byggd 
pa askadningar, som Sunprus sedan ratt lang tid tillbaka nastan ensam 
foretritt bland geologerna, och som i viktigaste delar star i skarp motsitt- 
ning till den uppfattning av urbergets byggnad och bildning, som numera 
air allmant radande. Sunprus anser salunda, att alla urbergerts bergarter, 
forutom méjligen kalkstenen och sjalva leptiten, som av Sunp1us — under 
reservation och med stor tvekan — undantagas, aro magmatiska, d. v. s. 
bildade genom likvid differentiation av forutvarande urmagma. Ej blott 
graniter, gnejsgraniter samt massformiga eller skiffriga gronstenar utan aven 
den stora mingden av utmarkt val skiktade s. k. bandade bergarter och 
utpriglat stratigrafiskt upptridande finkorniga gnejser och grénstenar 
riknas av SunpIUs som direkta magmatiska differentiations- och stelnings- 
produkter, och de siregna strukturer, de hava samt den tektonik, de utvisa, 
skulle samt och synnerligen vara att betrakta som magmatiska fluidala och 
protoklastiska fenomen. Naturligt nog kunde icke Sunprus fran dessa ut- 
gangspunkter gilla varken den bergartsindelning, som férut anvints inom 
omradet, eller de geologiska slutsatser om bergartssammanhang och bildnings- 
sitt, som framkommit genom tidigare undersékningar. Men talaren kunde 
4 sin sida ej heller underlata att upptrida till forsvar for dessa slutsatser, som 
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han alltjimt ansage hava sitt fulla berittigande och vara bittre grundad 
iin de nya tolkningar, som Sunprus nu framfért. For talaren var det av sar. 
skild vikt att beréra fragan om Runmaréomradets geologi. Beklagligt nog had 
hr Sunprus férsummat att i samband med sin kartliggning av denna d 
av omraidet taga del ay det stora material av samlingar och kartor, som finn 
pi Tekniska Hoégskolans mineralogiska museum och sarskilt av den detalj- 
rika geologiska karta (skala 1: 7 500, rekognosceringsskala 1 : 20 000), som 
diir sedan minga Ar tillbaka finnes uppsatt. Denna karta utgjorde ett feoultall 
av de under aren 1917—28 i samband med geologiska kartlaggnings6vningar 
fér Tekniska Hégskolans bergsstuderande bedrivna filtarbetena. Man kunde 
visserligen siga, att densamma och den nu av Sunpius publicerade kartan 
i huvuddragen iiro 6verensstiammande, men i detaljerna finnas manga och 
betydande skiljaktigheter. I synnerhet finnas sidana betraffande kalkstenens” 
forekomst och utbredning. Den uppfattning, som Sunprus grundat pa sina 
iakttagelser av kalkstenens férekomst pa Runmaré, och enligt vilken denna 
bergart skulle bilda leptitens understa lager och salunda vara den ildsta av_ 
alla urbergets bergarter inom kartomradet, kunde dirfér icke godtagas och 
stode i bestamd strid mot det sakférhallandet, att de djuperuptiva massorna’ 
av granit och porfyr ingenstades na upp i kalkstensnivaerna, och att de brott- 
stycken, som ofta antraffas 1 djuperuptiven, aldrig befunnits besta av kalk- 
stensbergarter, utan av grovskiktade eller granulitiska leptiter och amfiboliter, — 
bergarter som jamte porfyrerna med all sikerhet utgjorde den suprakrustala 
seriens understa lager. Den mycket intressanta kontakten emellan gnejs- 
graniten och den réda leptiten pa Skarprunmarn hade pa Sunpius’ karta 
givits den 6nskade konforma strickningen, medan den i verkligheten fér- 
léper snett avskirande. Detta faktiska forhallande adagalade med full tyd- 
lighet, att gnejsgraniten ar yngre iin leptiten — av Sunpbivs betecknad som 
réd aplitgnejs och hanford till gnejsgranitgruppen — samt att den samman-— 
hér med leptitserien, med vilken den fiven, som visats, sammanhér genom 
vaxellagring. Aven Betesholmens markliga bergart hanféres av SunpIUS 
till gnejsgranitgruppen, ehuru den forekommer 1 anslutning till leptiterna, 
och motsvarande forekomster inom Ammeberg och i Ostergétland av HARALD 
_Jonansson och B. AskiunpD riknats till leptiterna, samt betecknats som 
kalileptiter. Ett genomgaende drag i Sunprus’ behandling av berggrunds- 
problemen var, att de faktiska kontaktférhallandena férbisetts eller miss- 
tolkats. Detta givetvis under paverkan av den allmagmatiska hypotesen, 
men dessutom aven genom det totala frankinnandet av inflytande fran den 
regionala metamorfosen pa bergarternas strukturer och tektonik. Sasom en 
foljd harav hava iven pegmatiterna fdrvisats fran kartframstillningen, 
ehuruval omradet dr speciellt kiint for sin pegmatitrikedom och de tidigare 
kartframstallningarna av trakten — aven de som limnats av NATHORST 
och Hoxst, till vilkas uppfattning av berggrunden Sunprus férklarar sin 
anslutning — beaktat detta utan minsta tvivel beaktansvirda element i berg- 
byggnaden. Med fullstandigt ignorerande av den bevisning, som férebragts, 
att pegmatiten bildats sekundiirt, sasom det sista ledet i bergartsbildningen. 
sammanfér Sunprus densamma utan vidare med omradets gnejsgraniter 
under framhallande av, att en pegmatiseringsprocess, om den fgt rum, 
skulle traffat alla kvarts-failtspatbergarter inom regionen och ej blott en del 
av dem. Denna anmirkning triiffar emellertid endast dem, vilka upp- 
fattat processen som en temperaturprocess under genomdriinkning av berg— 
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arterna med granitiska ’safter’ och férbise deformationens roll vid forloppet, 
samt att den endast firekommer i zoner, inom vilka starka mekaniska om- 
formningar av bergartsmaterialet aigt rum. Sadana omformningar av férut- 
varande kristalliniska bergarter ansige SUNDIUS vara uteslutna och oantag- 
bara, en ofattbar standpunkt i en tid som var, da si mycket betydelsefullt 
vetenskapligt arbete utfdres just rérande sidana processer. 


Féredraganden ville begrinsa sig till att besvara hr Houmeuists 
inlage, 1 vad det berérde de konkreta férhallandena i omradets bergsbyggnad. 
Forst och framst betriffande Runmaré, dess kartering och byggnad. Det 
ar icke riktigt, att ett kalkstenslager av féredr. forlagts sisom den aldsta 
bergartslanken inom leptitformationen. Det understa ledet hiir utgéres av 
en ofta kalkbandad leptitserie, i vilken leptiten dock utgér huvudmassan. 
Inom denna serie air det icke méjligt, Aven med den skala, som Hotmauist 
anvant, att lata alla kalkstrimmor framtrida. Man far néja sig med att 
utskilja de stérre kalklagren och — i den man det later sig géra — avskilja 
de delar, dir kalk férhirskar, och dir leptit é6vervager, nagot som skett pa 
féredr:s karta. A andra sidan syntes Hotmauist i sitt anférande icke for- 
neka riktigheten av den tektoniska tolkning, som féredr. givit 4t omradets 
byggnad, och diirmed iir bottenlaget av den kalkrandiga leptiten erkand. 
Houtmauists egen karta lamnar f. 6. fullgoda bevis fér samma sak. 

Det var féredr. obekant bade att HoLmquistT sammanstallt en ny Runmaré- 
karta efter 1920, da han hdll sitt bekanta foredrag om detta omrade, och att 
han tiinkt sig en ny publikation haréver. Under de 19 ar som férflutit, 
sedan nimnda fo6redrag synes tillfalle ha bort finnas for denna publikation. 
Det hade givetvis varit av intresse for foredr. att fa taga del av HotmQuists 
kartmaterial. A andra sidan hade kontinuiteten i féredr:s kartarbete i varje 
fall fordrat, att rekognoseringen utstrackts aven é6ver Runmaré, och nagon 
visentlig tidsvinst inom detta begransade omrade hade darfor knappast 
varit att vanta. 

Den bergarts- och aldersindelning, som foéredr. funnit tillamplig for om- 
radet, svarar pa det nirmaste mot den, som framgatt vid de tidigare kart- 
bladsarbetena, och som godtagits av TO6RNEBOHM, ehuruval tolkningen och 
detaljuppdelningen maste bli annorlunda. Féredr. ville i en punkt bestamt 
motsatta sig den omvirdering i fraga om bergarterna, som gjorts av HoLm- 
Quist, och som berér de réda saliska gnejsgraniterna och aplitgnejserna, vilka 
finnas representerade 4 ett flertal stillen inom omradet, och O om Runmaré- 
Namdé bilda en betydande och uthallig zon. Dessa bergarter ha av Hotm- 
Quist — i motsats mot tidigare kartérer och féredr. — hinforts till leptiterna. 
Om man med Hotmguist sasom kriterium pa en magmatisk bergart upp- 
stiller den fordran, att den skall férete tydliga intrusiv-relationer mot an- 
grinsande ildre bergarter, maste man saga, att nimnda réda gnejser mer 
an nagra andra gnejsgranitvarieteter i omradet fylla detta krav, 1 det de 
bada ses intrudera och flika upp angransande gra gnejsgranit och leptit, 
samt innehalla brottstycken av leptit (aven kalkférande sidan). Dessa réda 
gnejsgraniter och aplitgnejser representera tillsamman med aplit och peg- 
matit den saliska delen av urgranitmagman, och om man skar bort dem, 
aterstar blott den plagioklasférande delen av magman, en stympning, som 
givetvis ar orimlig. Nagon strukturell motivering fér vederbérande berg- 
arters hanférande till leptitgruppen finnes ej heller. Tvartom forete de till 
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éverviigande delen tydlig gnejsgranitisk habitus, och delvis bli de ave 
grova, massformiga och égongnejsartade (Gillinge—Tistronskar). Féredr, 
hade fignat mycken uppmirksamhet 4t utskiljandet av, vad som kan hin- 
foras till leptitgruppen, vilken bade pa grund av sin karaktar av aldsta 
formation och genom sin kemiska sirstillning ar av specifikt intresse, och 
trodde icke, att i detta avseende nagon berattigad stérre andring kunde 
géras 4 kartan. 


Hr Orron framhdéll den egenartade likhet, som, fransett kemiska egen- 
skaper, férefinnes mellan de bandade hallarnas bergarter i dagens foredrag 
och de — varviga lerorna. Kunde det médjligen tinkas, att dessa olika 
bergarter bildats pa i mangt och mycket likartade satt fastan under olika 
geologiska perioder och darefter blivit utsatta for olika metamorfoser, for de 
bandade hillarnas bergarter bl. a. kristallisation. Kunde méjligen professor 
De Geers fornamliga arbeten for de varviga lerorna anpassas pa de bandade 
hillarnas bergarter. Da skulle »dgon» och partier av eljest frammande berg- 
arter kunna betraktas som inbiddade och aven en mingd andra problem 
fa enkel forklaring. Detta var endast fragor, inga pastaenden. 

Hr Orton framholl slutligen, att det tryck, som uppenbarligen synes 
hava medverkat vid bildningen av sydéstra delen av Stockholms skargard, 
enligt hans mening maste hava troligen kommit fran norr och verkat 1 nord— 
sydlig riktning och ingalunda fran sydost eller éster. Nagra fenomen a kar- 
torna anférdes sasom stéd dirfor. 


Vid métet utdelades N:o 415 av Forhandlingarna. 


Motet den 2 februari 1939. 
Narvarande 36 personer. 


Ordféranden for dagen, hr SANDEGREN, meddelade, att styrelsen till 
ledaméter av Foreningen invalt ingenjor Etnar Karusson, Stockholm, 
pa forslag av hr SanustR6m, och fil. stud. Per Henrik LuUNDEGARDH, 
Uppsala, foreslagen av hrr Horman-Bane och LANDERGREN. 


Sekreteraren hade i en till styrelsen riktad skrivelse, som upplastes 
av ordféranden, féreslagit, att exkursioner borde regelbundet sta pa 
féreningens program och att en 1-dagsexkursion borde anordnas pa 
forsok vid slutet av denna vartermin. Styrelsen, som enhiilligt anslutit 
sig till forslaget, erholl 1 uppdrag att anordna en dylik exkursion. 


Hr von Ecxermann hill ett av fargplanscher, kartor och ljusbilder 
illustrerat foredrag om De alkalina bergarternas ge 


nesis 1 belysning av nya forskningsrén fran 
Alnon, 
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Sedan BréaceErs beskrivning av Fen-filtet publicerades har ett be- 
hov forelegat att anyo taga upp Alnéns nefelinsyenitomrade till en 
mera ingdende kemisk, petrografisk och kristallografisk unders6kning, 
an som varit mdjlig nér A. G. H6eBom 1895 offentliggjorde sin klassiska 
och 1 betraktande av petrografiens davarande stindpunkt misterliga 
Alné-avhandling. En miingd nya vagskirningar hava ocksa underlittat 
det arbete, som av foredraganden sedan ett par ar igangsatts, dels med 
ovan angivna syfte, dels fér att samtidigt sdka f& nya synpunkter pa 
de alkalina bergarternas och de med dem férenade karbonatiternas 
genesis. 

Ehuru den mineralogiska och petrografiska bearbetningen av under- 
sdkningsresultaten annu icke ir slutférd, hava dock en del nya intres- 
santa synpunkter redan framkommit, vilka jaimte en preliminar karta 
nu kunna framliggas till diskussion. 

Fennoskandias alkalina bergarters alder ar osiker. Man vet blott att 
Kola-forekomsterna iro post-devoniska, Seilandgangarna post-kaledo- 
niska och Siksjéberget yngre an det aldre jotnium. Almunge, Fen och 
Norra Karr hava efter QUENSELs papekande, att nuvarande djuperode- 
rade sektionsyta vid Almunge sammanfaller med den sub-kambriska 
landytans erosionsplan, bedémts som post-arkeiska och pre-kambriska, 
men sikra bevis harfér saknas. 

Alnén ir bevisligen post-arkeisk, men dess 6vre aldersgriins har ej 
kunnat angivas. En av LuNpBoHM omnamnd gang av Alné-karbonatit 
i jotnisk diabas vid Barseviks fisklige har foredraganden funnit sanno- 
likt vara karbonatrikt »svartvikitiskt» sen-differentiat ur samma diabas. 
Diaremot har han patraffat en ovedersiglig Alné-karbonatit-gang ge- 
nomsiattande jotnisk basalarkos sydvast om samma fisklige, A4vensom 
massor av Alné-karbonatit-block i nagra vikar norr om Skeppshamns 
kapell mellan Alné och Hiarnésand, varfér ytterligare en alkalin fére- 
komst av Alné-typ maste finnas utanfor kusten mellan Rédéns och 
Nordingras jotniska omraden. 

Att Alné-bergarterna utom den jotniska basalarkosen aven genomsla 
de yngsta sura jotniska eruptiven finnes bevis for pa Roédé, dar en 
karbonatitgang skir éver en porfyrgang, som i sin tur ar yngre an en 
diabas, som genomslar rapakivin. 

IT en nyfunnen maktig eruptivbreccia vid Hovid for den breccierande 
alnditen rundade brottstycken av Asby-diabas, medan a andra sidan 
Alnésundet en Asby-diabasgang skir éver en starkt karbonathaltig, 
Alnébergarterna niirstaende, gang. Alné-bergarternas gangsviter synas 
alltsa niira forbundna med de sista basiska jotniska intrusionerna, vil- 
ket tyder pa sen-jotnisk alder och ett sannolikt intimt samband mellan 
denna aldersposition och den alkalina magmans genesis. 
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Den nya kartbilden av Alnén éverensstimmer med H6GBoms i s 
matto att omradet omgives av en fenitiseringszon av vaxlande bredd 
uppkommen genom pneumatolytisk paverkan eller selektiv utsmalt 
ning. Dirjimte hava emellertid observerats stora, helt eller delvi 
fenitiserade brottstycken, lokaliserade till omradets s6édra del, vilk 
brottstycken lokalt innesluta kirnor av opaverkad gnejsgranit. Geno 
uppmiitning av kvartsens axelorientering har konstaterats en maxima 
avvikning av 15 °% fran motsvarande medelorientering i den i stryk- 
ningsriktningen liggande gnejsgraniten utanfor det alkalina omradet. 
Da dirjimte strykningsriktningen éverensstammer, synas brottstycken 
av taket féreligga, som endast kunna vara obetydligt nedsinkta under 
sitt ursprungliga lage. 

De av Hécsom som klumpvis instrédda koncentrationer angivna 
kalcit-karbonatiterna hava 4 den nya kartbilden visat sig inga som 
delar i ett breccierande magmatiskt karbonatnat, gent emot vilket tak- 
brott-styckena intaga samma lige som spridaren 1 munstycket till en 
stark vattenstrale. Karbonatet stupar mot centrum av det alkalina 
omradet, vilket senare utgéres av en koniskt mot djupet avsmalnande 
karbonatmassa, samlad kring de sma 6arna norr om Hérningsholm. 

Kartbilden visar aven hurusom den alkalina huvudmagman uppdelas — 
1 ett inre koncentriskt leucocrat omrade av juvitiska och urtitiska berg-_ 
arter och ett yttre likaledes koncentriskt omrade av melanokrata meltei- 
gitiska och malignitiska bergarter, vilka genom hybridbergarterna 
tveitasit och malignitisk melteigit 6verga i feniten. 

Av sarskilt intresse ar dirvid att de juvitiska nefelinsyeniterna dels 1 
stor utstrickning fora anortoklas 1 stallet for ortoklas (anortojuviter), | 
dels jamte bariumortoklas cancrinit i stillet for nefelin (cancrinit-— 
juvit). ; 

Bergarternas »mise-en-place» ir 1 sektion konfocoidal, liknande den 
som BackLunp understrukit fran Julianehaab och Umptek. Det un-— 
dersta basiska koniska skalet av jacupirangitiska och malmrika diffe- 
rentiat ar i nuvarande héga erosions-sektion endast representerat av 
rundade brottstycken, synbarligen lésryckta fran en och samma »vigg- 
linie» djupare ned i magma-schaktet. 

Utom dessa ultra-basiska differentiat aterfinner man i gangform aven 
andra utvecklings-sviter, sisom melanit-ouachititer, alnditer, kimber-— 
liter, vibetoider, melanit-apatit-felser m. fl. av vilka en hel del icke 
tidigare beskrivits fran Alnén. Medan i huvudmagman amfibol saknas 
nistan helt och hallet — ett férhallande redan uppmirksammat av 
Héapom — sa dro dessa gangbergarter ofta rika saval pa basaltiskt 
hornblande som pa riebeckit. Slutligen forekomma en mangfald varie- 
rande karbonatitgangar, saval sévitiska (kalcit) som beforsitiska (dolo- 
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mit). Den alkalina necken fir genomdragen av ett virrvarr av dessa 
olika gangtyper. 
Den nya Alné-kartan antyder féljande utveckling: 


1) Fraktionering av ett gnejstak 6ver atminstone centralt smiiltfly- 
tande alkalin magma med en 6vre likaledes central kalcitisk koncentra- 
tion. 

2) Plotshg utstrémning av karbonatit-magma under hégt tryck ge- 
nom sprickorna och runt de stérre brottstyckena av taket. 

3) Medryckandet av redan stelnade brottstycken av ultrabasisk 
magma fran stérre djup genom den plotsliga stigningen av den nefelin- 
rika magman vid tryckavlastningen. 

4) Hastig stelning, sirskilt av karbonatiterna, ledande till bildande 
av sekundira hégtrycks-centra och diirav féljande sekundar gang- 
brecciering. 


En aldersbestimning av de olika breccierande gangarna inom sjailva 
mecken» har icke kunnat genomféras, men diremot har en uppfattning 
om den primara magmatiska tektoniken erhallits genom att studera de 
olika gangsystem som genomsla den omgivande gnejsgraniten upp till 
en mil fran fenitgrinserna. Hittills hava de undersokts norr, vaster och 
sdder om sjilva alkalina omradet, medan éarna ésterut atersta. Medan 
de basiska gangarna, alnéiter, melilit-basalter, tinguaiter och Agirin- 
nefeliniter, vanligen intaga vertikala fran eruptivcentrum radierande 
sprickligen, utgdra kalcit-karbonatit-gangarna delar av »cone-sheets» 
med gradvis ékad sidostupning, ju narmare de ligga centrum. Beforsi- 
tiska karbonatiter kunna intaga saval radiellt som koniskt lage men 
hava i det senare fallet alltid brantare stupning an kalcitgangarna. Ett 
gemensamt drag for samtliga gangar ar en tilltagande hydatogen lag- 
temperatur-karaktir ju langre bort fran centrum de komma. 

Om 17 % av gangarna, vilka i nuvarande erosionssnitt synas hava 
avlinkats genom strukturanvisningar i sjilva gnejsen, borttagas och de 
aterstaende 83 ° inliggas i ett och samma sektionsplan, sa finner 
man, att de konvergera mot ett bestiimt, i vertikal led foga utdraget, 
djupcentrum, som for kalcit-gingarna ar beliget 1—2 km under nu- 
varande erosionsyta och for dolomitgangarna 7—8 km. Dessa tva djup- 
centra synas var for sig representera explosionsfoci, fran vilka omgi- 
vande berggrund splittrats. Som de radierande gangarna vanligen skira 
dver »cone-sheets», torde de férra representera magma fran storre djup 
in det som intagits av de karbonatitiska magmorna vid tiderna for 
explosionerna. 

Gangarna bekriifta allts’ uppsprangningen av en diatrem med fol- 
jande stratifiermg inom magmarummet: 
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Overst: Hégspind kalcitumkarbonat-magma 
Urtit- och juvit-magma 
Melteigit och malignit-magma 
Jacupirangit och ultrabasiska differentiat 
Hoégspind dolomitkarbonat-magma 
Alnoit-magma 

Underst: Melilit-basalt-magma. 


Faltfakta tala for att det djupare dolomitcentret »exploderat» forst 
sedan kalcitcentrets explosion forsvagat kringliggande berggrund, aven- 
som att de icke statt i direkt forbindelse med varandra, da dolomit- 
forande brottstycken icke aterfunnits inom sjilva diatremet. Den dolo- 
mitiska karbonatbildningen kan eventuellt beteckna en efterfoljande 
evolutionsfas, som forst kommit till full utveckling, sedan den kalcitiska 
avslutats, och som A4gt rum inom en genom foregaende differentiation 
magnesia-anrikad djup-miljé. En indikation harpa utgor den senare 
evolutionsfasens bergarters skarpa kontakter med fortatningsfenomen 
gent emot den forras. 

Nagra lavastro6mmar torde icke hava forekommit vid diatremets bild- 
ning. Mdjligen kan block av en nyfunnen bergart, nefelin-anortoklas- 
portyr, beteckna ett undantag fran regeln. 

Da en kalksyntes enligt Daty’s teori som férklaring till AInoémagmor- 
nas uppkomst av manga skil synes utesluten mitt uppe 1 Norrlands- 
kustens notoriskt kalkfria palingena gnejsgranit, maste forklaringen 
sdkas fran magmatisk utgangspunkt. 

Vid narmare granskning finner man vare sig BowEN’s, HaRKER’s, 
SmytuH’s eller Hotmes’ olika forslag tillfredsstallande 1 detta fall. Dare- 
mot kunna flera goda 6verensstimmelser mellan BackLUNDs utveck- 
ling av teorin om den agpaitiska differentiationen av ijolitisk magma 
och nu gjorda iakttagelser konstateras, i vad rér den senare delen av 
differentiationsférloppet. Man tvingas dirfér att sdka nya utgangs- 
punkter och finner da dels att samtliga svenska alkalina forekomster 
upptrada i orogenetiskt ostérda resistensomraden, dels att de samtliga 
aro lokalt nara forbundna med omraden av jotnisk vulkanism. Detta i 
samband med den tidigare anférda aldersbestimningen av Alnén gér 
det sannolikt att de representera den avslutande magmatiska juste- 
ringen av den jotniska magmatiska epoken, vilken senare, sisom av 
féredraganden tidigare visats, karakteriseras av tensionssprickbildning 
i jordskorpan och av plataextrusioner eller lagerintrusioner vid hog 
niva inom jordskorpan. 

Kemiskt aro samtliga jotniska magmor i bjart motsats till omgi- 
vande arkeikum karakteriserade av en exceptionellt hog halt av titan, 
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fluor, barium, strontium, zirkon och kolsyra. Sirskilt giller detta 
Réd6-omradets bergarter invid Alnén. Samma kemiska komponenter 
iro ocksa de karakteristiska for Alné-bergarterna. Vi hava alltsa inom 
Jotnium alla de mera siillsynta kemiska ingredienser, som genom selek- 
tion och koncentration kunna bilda de erforderliga kvantiteterna i Alné- 
bergarterna. Foéredragandens undersékningar under senare Ar hava 
ocksa visat en slaende alkalin affinitet hos de basiska jotniska magmor- 
nas sen-differentiat med nefelin eller acmit i normen. Diabasdifferen- 
tiaten vid Noppikoski med 3 °% primiirt dolomitkarbonat sta exempelvis 
vissa Alné-gangar mycket niira savil kemiskt som mineralogiskt. De 
nyligen fran Rédé-arkipelagen och Nordingra beskrivna granat- och 
pyroxen-albititerna samt muskovit-kalcit-albitofyren, s. k. svartvikit, 
med upp till 11 °% primir kalcit, aro klart kiselsyreomittade berg- 
arter. 

Om vi betriaffande den sistnimnda géra tankeexperimentet att av- 
lagsna stérre delen av CO, fa vi en analys mycket nara 6verensstim- 
mande med leukokratisk nefelin-kankrinit-syenit fran Sarna eller 
Kuolajarvi. Naturen kan under gynnsamma omstindigheter omsitta 
detta tankeexperiment i handling genom férhéjning av temperaturen 
och sinkning av trycket. 

Dessa gynnsamma omstindigheter forelago under den jotniska erup- 
tivepoken dels i form av senare diabasintrusioners é6vervirme, vilken, 
sasom tidigare visats vid Hamraomradets undersékning, maste hava 
varit avsevard, dels sasom tensionsspinningens vertikala tryckavlast- 
ning i jordskorpan. Bagge faktorerna var for sig och an mer deras sam- 
verkan maste férutsattas leda till dissociation av tidigare bildat kar- 
bonat och fluorit samt kolsyrans och fluorens migration mot tensions- 
zoner med liagsta tryck. Aven hittillsvarande bristfalliga experimen- 
tella kiinnedom om jamviktssystem med volatila komponenter berit- 
tigar till slutsatsen att dirvid CaO migrerat med de volatila faserna, 1 
den man systemet narmat sig fluid karaktar. 

Kolsyran kan ven tinkas hava dissocierat ur rapakivin och ej en- 
bart ur svartvikitiska diabasdifferentiat. Pa Norra Ulfén kan man di- 
rekt observera hur dylik dissociation agt rum pa avsevirt avstand fran 
kontakten mellan rapakivi och intruderad diabas. En annan teoretisk, 
ehuru annu ej i falt observerad, méjlighet ar intrusion av svartvikit 1 
tidigare ur Asbydiabasen differentierad peridotit (for beskrivning av 
den senare jmf. Soprat’s avhandling éver Nordingra), vilken maste 
leda till utfaillning av pyroxen och ytterligare desilicifiering av svart- 
vikiten. 

De nu framkastade méjligheterna férklara emellertid ej néjaktigt 
Alnémagmornas kali-rikedom eller de pa ett flertal stallen iakttagna 
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kalcit-ortoklas och dolomit-ortoklas gangarna, tidigare beskrivna fra 
Bergeforsen av foredraganden. Dolomiten i de senare gangarna antyd. 
ett bildningsdjup motsvarande beforsiternas, d. v. s. minst 7—8 
under nuvarande dagyta. 

Har finner Bowen’s, pa den tidiga kvartsutsondringen i kvartspor 
fyrer baserade, antagande av alkalin utveckling genom bortforande ay 
denna férsta kvartsgeneration tillampning. Visserligen bestred Dany 
antagandet sasom stridande mot erfarenheten i vad giller abyssiska 
magmor, men betraffande rapakivin ar denna invandning felaktig, d 
en av rapakivigranitens mest utmirkande karakteristika ar dess vackert 
idiomorfa forsta kvartsgeneration. Aven om sp. vikts-balansen maste 
vara mycket kanslig, foreligger intet teoretiskt hinder for kvartse 
gravitativa separation, som dessutom maste underlittas av tidig kon- 
centration av CO,, resp. CO och F. Processens realitet bevisas bist ay 
forekomsten av syenitisk rapakivi inom de évre delarna av rapakivins 
lagerintrusioner inom Hamra-omradet. 

Denna syenits magmatiska liv torde dels kunna hava férlingts i en 
rent alkalin differentiationsf6ljd genom exceptionell koncentrering av de 
flyktiga bestandsdelarna, dels hava remobiliserats genom diabasens 
éverskottsviarme under magnesiumtillskott, ledande till bildande av 
ortoklas-dolomit-magma. Genom Geophysical Institutes senaste med- 
delanden vet man, att leucitfaltet vid vattenhaltig ortoklas-smialta be- 
star upp till 2,000 atm. Tages aven hinsyn till den jotniska tensions- 
spainningens minskande av vertikaltrycket, sa skulle alltsa leucitfrak- 
tionen kunna besta stabil pa ett djup motsvarande Alnéns lagre explo- 
sionscentrum. En tidig bildning av en leucitfraktion, aktualiserande 
en alkalin utvecklingslinie, air dirfor a priori méjlig, ehuru den féljande 
stegringen av det inre trycket 1 samband med fortskridande kolsyre- 
koncentration och kiselsyreassimilation fran magmaschaktets vaggar 
och tak sannolikt skapat en senare ortoklas-nefelin-jamvikt. 

Alné-magmans ursprungliga bildning kan alltsa bero pa fyra sam- 
verkande faktorer: 


1) Utdifferentiering av svartvikitiska restmagmor. 

2) Reaktion mellan syenitiska och peridotitiska differentiat av ba- 
siska jotniska magmor. : 

3) Gravitativ separation av kvarts, ledande till syenitiska, leucitiska. 
karbonat- och fluor-rika rapakivi-differentiat. 

4) Overskottsvarmet hos de jotniska diabaserna och dess koncentra- 
tion genom volatil konvektionsstrémning. 


Som alla dessa faktorer iro verksamma vid jamforelsevis hég niva. 
hava Aln6é-bergarterna salunda icke uppstatt vid abyssiskt peridotits: 
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skal-djup utan sannolikt vid basen av de jotniska intrusionerna. Diir- 
vid uppstar en foyaitisk magma, rik pa kali, som genom sin samtidiga 
rikedom pa flyktiga bestandsdelar maste hava utévat en kraftig »stoop- 
ing)-verkan pa 6verliggande arkeikum, varvid konvektionsstrommarna 
stindigt tillfort nytt virme och ny omittad magma till toppen av det 
uppatskridande magma-schaktet. 

Da fortskridandet fortgar samtidigt med gravitativ kristalldifferen- 
tiation av faltspat och nefelin uppat och ferro-magnesium-mineral 
nedat, bliva de successiva differentiationsstadierna registrerade som 
konfocoidala skal lings schaktets viggar. Hiarvid torde ocks& med- 
verka den av Backtunp belysta rytmiska karaktiren hos stooping- 
processen. Genom absorption av kiselsyra fran vaggar och tak bildas 
hégtrycksmineralen granat och melilit, medan daremot wollastonit en- 
dast sparsamt férekommer i filtspatfria nefelinrika basiska differentiat. 
Franvaron av experimentella data fér har radande jamviktssystem 
utesluta anvandandet av wollastoniten som tryck-temperatur-indika- 
tor, men franvaron av kankrinit och narvaron av nefelin och kalcit 
tyda pa lokal sinkning av tryck och temperatur under medeltalet i 
évrigt. A andra sidan dr inom hégtrycks-maxima kankrinit-ortoklas- 
paragenesen realiserad, omgiven av den lagre tryck-kombinationen kal- 
cit-nefelin-ortoklas. Utan att denna gang inga pa de olika mineral- 
parageneserna torde dock den stora roll som nirvaron av CO, eller CO 
spelar bora understrykas. Hittills observerade parageneser 6verens- 
stimma i regel icke med de experimentellt utarbetade jamviktssyste- 
men, varfér denna avvikelse fran normal mineralfas-utveckling ocksa 
maste fatt vittgaende foljder for reaktionsserierna och magmadifferen- 
tiationen. Som ett exempel kan blott anféras att de hittills tillgangliga 
10 alnéitanalyserna visa praktiskt taget horisontella alk-, al-, c- och fm- 
kurvor mellan Si 38 och 61, medan samtidigt CO,-halten stiger fran 
c:a 2 till c:a 8 viktsprocent. 

Vid Alnén vidmakthdélls den erforderliga magmatiska temperaturen sa 
lange att magmaschaktet kunde borra sig upp till en punkt, dar de 
extremt koncentrerade flyktiga bestandsdelarna springde det dverlig- 
gande gnejstaket med eventuellt pa detsamma vilande jotniska sedi- 
ment. Den stora nedatvanda centrala karbonatit-konen, av vilken 1 
dag endast sjilva toppen Aterstar, maste dirvid hava representerat 
maximum av volatil koncentration, da den enbart innehaller de sall- 
synta jordartsmineralen knopit och pyroklor jamte andra aénnu ej be- 
skrivna. Det synes som om under det sista utvecklingsstadiet fore ex- 
plosionen den gravitativa separationen av faltspater och faltspatoider 
upphért och endast separationen av karbonat pagick. 
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Alnén fir den enda svenska alkalina forekomst, som kan visas hava 
springt ut en diatrem medan de andra synas hava stelnat innan de 
natt jordytan. Sirna skulle i sd fall mdjligen hava kommit langst upp 
att déma av dess héga kankrinithalt. 

De dolomitiska karbonatiterna fran Alnéns ligre explosionscentrum 
iro av sirskilt intresse, da de tyda pa enorma tryck, enir dissociations- 
kurvan for MgO, vid 900° C léper vid tusentals atmosfarer, medan den 
for kalciten haller sig vid en atmosfir. Detta antyder en magmatisk 
differentiation av dolomit sasom sddan eller ocksa en dolomitisering ay 
den basiska magmans pyroxener och oliviner uti denna maximala tryck- 
zon. Ett bevis for att Aven den av BackLuND papekade inkongruenta 
smiltpunkten av agirin kan hava medverkat, ehuru dess roll ej varit 
ensamt utslagsgivande, aterfinnes i de dolomitiserade kristaller och 
kristallfragment, som ryckts med i de dolomitiska gangarna. 

Tidigare hava dessa gangar, oavsett att deras dolomitiska karaktar 
varit okind, betraktats som av cirkulerande lésningar sekundart kar- 
bonatiserade tingaitiska och alnéitiska bergarter, vilket emellertid mot- 
siges av franvaron av fenitiserings- och omvandlingsfenomen i gang- 
kontakterna. Den dolomitiska lésningen maste alltsa hava stelnat 
naistan momentant vid inpressningen i sprick-systemen samt har san- 
nolikt mera haft karaktiren av ett fluidum avy huvudsaklig samman- 
sittning (Ca, Mg) O — CO, — CO 4n av en smiltlésning. Denna mo- 
mentana konsolidering maste antagas sammanhéra med dissociations- 
kurvans 6gonblickliga underskridande vid tryckavlastningen. 

Sasom tidigare framhallits aterfinnes amfibol sa gott som uteslu- 
tande i gangbergarterna fran det nedre explosionscentret och annu lagre 
nivaer. Samtidigt dro dessa bergarter ovanligt rika pa biotit. En kon- 
centration av vattnet synes 1 viss man hava Agt rum nedat — endast i 
forening med biotitens ortosilikatkomponent och som serpentin efter 
olivin férekommer det sparsamt i hégre nivaer avy magmaschaktet. 
Samma egendomliga kolsyreanrikning uppat och vattenanrikning nedat 
mot de basiska differentiaten synes aven féreligga vid Fen-faltet — en 
fullstindig omkastning mot vad som Ager rum i normala reaktions- 
serier. 

Till sist stalles fragan: Kan den genesis, som deducerats fram ur de 
nya iakttagelserna pa Alnon anvandas vid férklaring av andra alkalina 
magmor och karbonatiter? I vissa fall synes sa vara forhallandet, i 
andra fall icke. Man far ej férbise, att mekaniskt inforande av sedi 
mentir kalksten i kiselsyremattad magma i slutet rum teoretiskt bor 
leda till samma resultat som koncentration av kalcit genom magma: 
tiska processer, Aven om de av TiLLEy i obetydlig skala observerade 
alkalina bildningarna vid kontakterna vid Scawt Hill av honom snarare 
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betraktas som ett bevis mot en bekriftelse av allmingiltigheten av 
Daty’s kalksyntes-teori. A andra sidan synes mig det hittills erhallna 
resultatet fran Alné hava lamnat en av fiilt- och laboratoriefakta stédd 
logisk och naturlig magmatisk férklaring, dir samtliga erforderliga pre- 
misser himtats inom omradet sjalvt och ingen medverkan av obekanta 
agentier behdvt tillgripas. 

Da foljaktligen liknande resultat kunna uppnas pa olika viigar, maste 
i fortsittningen varje sirskilt fall underkastas sin egen individuella 
provning. En allmingiltig alkali-genetisk bergartsteori synes dirfor a 
priori osannolik. 

I regel torde man, sa att siiga, hava tittat for djupt ner i jordskorpan 

vid efterforskningen av de alkalina magmornas fédelseplats. En var- 
ning ger de tusende och ater tusende kalkkontakterna i vart Fenno- 
skandiska arkeiska granit- och migmatitomrade, vilka samtliga utan 
undantag sakna varje spar av verklig alkalin tendens. Redan de alka- 
lina magmornas sparsamma och kvantitativt obetydliga forekomst 
vittnar om att deras genesis ar att sdka i lokalt begransat, sallsynt sam- 
mantraffande av flera olika nédvandiga faktorer under forhallanden, 
dir en massutjimning icke kunnat forekomma. Detta pekar mot rela- 
tivt hég niva i jordskorpan inom stabilitetsomraden. 
' Det antyder ocksa att de alkalina bergarterna ej pa grund av sin 
petrografiska likhet fa antagas bundna till samma geologiska alder. 
Diiremot béra de — oberoende avy aldern — tankas 1 forsta hand ater- 
finnas inom under tensionsspinning staende anorogena resistensomraden 
vid slutet av arealeruptiva epoker. Vad Fennoskandia betraffar pekar 
detta pa jotnium och perm. 


Med anledning av féredraget yttrade sig hrr A. G. HécBom, Back- 
LUND, QUENSEL och f6redraganden. 


Hr A. G. Hécsom ville férst ge uttryck at sin uppskattning av de manga 
nya och viktiga iakttagelser, for vilka hr v. HCKERMANN 1 sitt intresseviac- 
kande foredrag dver omradet i fraga redogjort. Det har helt naturligt for 
honom legat nara till hands att med utgangspunkter fran dessa iakttagelser 
och fran de nya synpunkter pa omradets geologi och bergarter, som hans 
forskningar givit honom, sdka tolka det omstridda sambandet mellan berg- 
arternas upptridande och genesis. Den differentiationsteori, som foredra- 
ganden darvid utvecklat, bygger emellertid pa antaganden och premisser, 
som i betraktande av de manga ovissa moment de innehilla, icke forefalla 
évertygande. Foredr. har ocksa sjilv antytt, att atskilligt 1 hans framstall- 
ning vore att betrakta som hypotetiskt. For att hair endast berdra fragan om 
kalkstenens och de till densamma griinsande och genom évergangsformer for- 
bundna kalkspatforande nefelinbergarternas genetiska samband, som foredr. 
synes vilja tyda sasom uttryck for en mer eller mindre langt gangen differen- 
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tiation och helt och hallet endogena processer inom magman, synes den a 
andra forskare (t. ex. BréaaEr, Daty och Suanp) foretradda meningen, att 
Alnéomradets och andra analoga nefelinbergartsomradens kalkstenar vore av 
exogent ursprung och de till kalkstenarna knutna kalkhaltiga nefelinbergar- 
ternas kalkspat genom assimilation tillford magman, krava en ingaende 
prévning. H. ville for sin del, lika litet nu som i sitt alnéarbete av 1895, 
binda sig vid vare sig den ena eller andra tolkningen; men skulle snarast 
vara fortfarande bojd for att betrakta det senare betraktelsesittet sasom det 
mera sannolika, att kalkstenen allts4é ursprungligen tillforts magman utifran 
och inférlivats med den sa intimt, att den i sitt nuvarande skick fatt full- 
stindigt karaktaren av magmabergart och delvis absorberats eller assimi- 
lerats av omgivande nefelinbergarters magma. Visserligen kan mot denna 
tolkning anféras, att i detta fall och betraffande en del andra omraden nagra 
kalkstenar icke iakttagits inom den nirmast omgivande berggrunden, nagot 
som man emellertid icke velat tillmita avgérande betydelse, da vara iakt- 
tagelser aro begransade till de tillfalliga snitt, som den nuvarande jordytan 
gor tillgingliga fér oss. Till forman for denna teori om kalkstenarnas exogena 
ursprung kan ater sigas vara det ofta iakttagna forhallandet, att nefelin- 
bergartsomradena sa girna ansluta sig till omgivande kalkférande formatio- 
ner (ex. Ontario), nagot som i betraktande av nefelinbergarternas sallsynthet 
och aven kalkstenarnas vanligen underordnade roll inom den berggrund, dar 
de forra upptrida, maste betraktas som en underlig tillfallighet, om de icke 
ha nagot med varandra att géra. Féredraganden forefaller mindre an fér- 
hallandena motivera ha uppmairksammat de exogena inflytelser, som ta sig 
uttryck i assimilation betraiffande kalkstenarna och de vitt utbredda kalk- 
spatforande nefelinbergarterna, liksom ock i dessas grinsfacies till omgivande 
urbergs silikatbergarter. Mot den frikostiga anvandningen — om den ocksa 
har sina héga fored6men — av speciella bergartsnamn for allehanda varianter 
av nefelinbergarterna inom detta omride, dir dessa varianter, dels ha ett 
mycket begransat lokalt upptriidande, dels ocksa genom slirkontakter eller 
dvergangsformer av andra slag blott te sig sasom tillfalliga bildningar i de 
mera dominerande typerna, kan man sa mycket hellre stilla sig nagot reser- 
verad, som det icke tagits hinsyn till den dock ratt fundamentala fragan om 
vad som ar resultat av assimilationsprocesser och vad som skall aterféras pa 
differentiation 1 dessa nefelinbergarter och deras varianter. Foéredr. har be- 
triffande kalkbergarternas relation till omslutande nefelinbergarter fram- 
kastat, att det 1 vissa fall (sisom enligt hans mening pa Alnén) rérde sig om 
endogena kalkstenar, genom differentiation och kemiska processer bildade 
ur den magma, vars bergarter omsluta dem; i andra fall ater om kalkstenar, 
utifran inkomna i magman. Da bada tolkningarna var for sig erbjuda svarig- 
heter, varom litteraturen i imnet bar nogsamt vittnesbérd, si kan man icke 
siga, att foredragandens férslag, som later oss rikna med tvé motsatta an- 
taganden, innebar nagon littnad — vilket emellertid icke kan andras sisom 
nagot sirdeles vagande argument mot honom. 


Hr BackiunD uttryckte sin stora tillfredsstillelse Gver att varmeproble- 
met (»superheat») s. a. s. satts i centrum av den framférda framstiillningen. 
I sjalva verket betyder en upptransport av basaltiska bergarter, vars kri- 
stallisationstemperaturer med 300—400° dverstiga underlagets begynnande. 
likvefaktioner, en oerhérd och stegrad virmetransport uppat jamte de geo- 
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termiska gradienternas skarpa induktionskonvergens mot den davarande 
dagytan vid punkter fér basaltens stérsta anhopning. Inom Fennoskandia 
kunna tre tidsmoment fér dylika mer eller mindre lokala varmetransporter 
uppat av rel. stora matt f. n. identifieras: 1) den post-gotokareliska mo- 
lasstiden: jotniska och subjotniska doleriter; 2) den post-kaledoniska molass- 
tiden: postsiluriska »diabaser» av olika — iven asbytyper; 3) den postvaris- 
kiska molasstiden: Oslofiiltets varierande essexiter (och rombporfyrer), 
Lujavr-Urts (?) augitporfyriter och anslutande effusiver, i mangt och mycket 
ursprungligen identiska med doleriter (iiven av »Asbytyp»). Eventuella ty- 
piska alkalibergarter iro i varje av de uppriknade fallen som féljdforeteelse 
yngre in de resp. viirmealstrande »basalterna»; en desintegration av de viir- 
meallierade »basalterna» fran den anslutande alkalisvitens sida maste pa grund 
av den deklinerande virmehushallningen jimférd med »basaltens» initial- 
virme (= kristallisationstemperatur) ha agt rum pa annat satt in genom 
enkel »uppsmiltning». Glatt genomskiirande yngre »basaltery kunna till 
féljd av deras tre ovannimnda mise-en-place-tillfallen svarligen bidraga till 
en koncisare aldersbegransning, liksom aiven det mer eller mindre markerade 
reliefupptridandet foga bidrager till aldersproblemets lésning, emedan detta 
senare i huvudsak ar avhiingigt av den davarande och efterféljande lokala 
expositionen. — Den nedat koncentriskt eller konfokalt stupande koniska 
gransytan hos de nu behandlade alkalibergarternas faltférekomst ar kanske 
ej fullt jamforbar med en valdsam sprang- eller explosionsinverkan, utan 
snarare med en systematiskt utbyggd skiiryta (jmf. de bigge éver varandra 
liggande karbonatitiska »cone-sheets»), for vilken uppfattning talar den bi- 
behallna rymdorienteringen hos det i konen fritt liggande gnejsblocket; 
det har tidigt isolerats fran omgivningens modergnejs och tack vare sin po- 
sition inom konen utsatts for inverkan (nedifran) av helt annat slag och an- 
nan intensitet in konens yttervaggar. — En jimforelse av Fennoskandias 
alkalif6rekomster, oavsett deras osikra (i flera fall) aldersstallning, fran 
Fen- och Oslofaltet é6ver Norra Karr och Almunge fram till Umptek (Chi- 
bina) och Lujavr-Urt visar hos dem i stort manga allmanna gemensamma 
drag, men i detalj har var och en sitt individuella ansikte; de gemensamma 
dragen skulle man vilja tillskriva den férutnimnda »superheat»; de indivi- 
duella dragen iro ej endast betingade genom en varierande mangfald av 
konstituerande delbergarter — tal. ville i férbigaende uttrycka sin tillfreds- 
stallelse 6ver mangfalden av de nya namnen ej blott for denna lokal, utan 
aiven for tidigare beskrivna lokaler, ej darfér att diarmed petrologiestuderan- 
de beredas ett utékat memoreringsarbete, utan darfér att dirmed kommer 
till uttryck den enorma arbetsmaingd och energiutveckling, som Aven 1 be- 
traktande av riklig tillgang pa flyktiga bestandsdelar presterats av den s. k. 
differentiationen inom ett rel. snivt begransat omrade, i detta fall mellan 
3.000 och 7—8 000 m:s djup —, utan genom vissa bergartskombinationer, 
som kvalitativt och kvantitativt aro karakteristiska fér de olika lokalerna. 
Groénland (Ilimausak), S. Afrika (Palabora, Pilansberg) ha var och en sina 
egna kombinationer. For att halla sig till Fennoskandia, sa kunde vil med 
god ratt for Umptek och Lujavr-Urt uppstillas for dem enbart karakteris- 
tiska typkombinationer, som i mangfald och kvantitet évertriffa saval 
Alné som Fen. Att kalkstensinsmiltning for sjalva uppkomsten av alka- 
liniteten (»Sippe») eller mangfalden ej kan ha spelat nagon roll, synes kanske 
bast darav, att i Kola-halvéns huvudmassiv kalcit (jamte kvarts) ar det 
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siillsyntaste mineralet, som endast underordnat sparats som utlakade halrum, 
problematiska negativa kristaller (= »elaterit»). Man ar frestad att tlle 


den omgivande berggrundens (och takets) olika beskaffenhet — pa Kola- 
halvén ar den synnerligen starkt varierande — det avgorande inflytandet— 
p& typutbildningen av lokalerna. — I det vackert férgrenade stamtradet 


fér »differentiationsférloppet» konstaterar tal. med tillfredsstallelse att sido- 
berget (gnejs, Hirndgranit) har mer iin ett finger i sidled med i spelet; dare-_ 
mot torde vil huvudstammen ovanfoér »superheat» vara helt hypotetisk, for 
att ej siga problematisk, ty de nédvindiga natron- och Al-mangderna for 
grenarna ovanfér kunna knappast suppleras fran detta hall. Den kannbara 
kalibristen vid dylikt »differentiationsférlopp» suppleras som nédfallsutvag 
fran rapakivihallet, vilken forbindelsestam aven ir helt hypotetisk. Ty 
dessa konnektioner avgéras ej endast av behovet vid »differentiationsteore- 
tiska férlopp», utan aven och i huvudsak av den geologiska situationen i 
falt fran lokal till lokal. 


Féredraganden ville gent emot hr HécBom understryka, att de 
premisser féredraganden byggt pa i allt vasentligt vore grundade pa faktiska 
observationer och av andra forskare verifierade laboratorieexperiment. Det 
enda som hittills saknar varje observationsbeligg ir samverkan mellan 
peridotit och svartvikitmagma, vilken samverkan emellertid ej air noédvandig 
for differentiationsférloppet, men teoretiskt maste leda till samma resultat 
som huvudreaktionerna. 

Betraffande 6vergangsformerna, ringiter, hollaiter, kaseniter m. fl. hade 
foredraganden redan framhallit att desamma saval kunde vara hybrid- som 
differentiationsprodukter, vilka dock icke kunde skymma den stora all- 
mangiltiga indelningen i ett melanokratiskt yttre koniskt skal och ett imre 
leucokratiskt, vilken férdelning dir den fér dissociationen avgérande och icke > 
forenlig med Daty’s kalk-syntes-teori. Senaste tiders forskning har dessutom 
visat att flera av Day’s som bevis for kalksyntes anférda lokaler feltolkats 
och snarare utgéra bevis for motsatsen. Tiden har ej denna gang tillatit 
att upprepa hela den granskning av de exogena betingelsernas inflytande pa 
kalkassimilation, som av féredraganden framlades vid British Associations 
‘arsmétes 1938 diskussion i denna fraga med féredraganden som inledare, 
varfér han maste begransa sig till att understryka att full hinsyn tagits 
hartill och att darvid endast bekraftats osannolikheten av en kalksyntes 
vid Alné. Vad anvindningen av speciella bergartsnamn och kreerandet av 
nya sddana betraffar, sa har foredraganden funnit det vara ett nédvandigt 
ont for att kunna sammanhalla och koncentrerat angiva de olika mineral- 
parageneserna, da ju detta Alné-arbete ej endast ar ett genetiskt tolknings- 
forsék utan darjamte avser att saval utreda de fysikaliskt-kemiska betingel- 
serna for de olika parageneserna, antingen de ro differentiat eller hybrider, 
som att fullstandiga kinnedomen om de ingdende mineralens optiska och 
kemiska data samt dessas variationer i olika parageneser. Gent emot hr 
Backtunbs inligg, som ju lamnar flera vardefulla hallpunkter vid Alné- 
problemets fortsatta behandling, ville féredraganden endast framhalla, att 
oavsett den hypotetiska alkalina differentiationsutvecklingen fran rapakivi- 
syeniten, svartvikit-rest-differentiatet, som bevisligen endogent utgatt fran 
doleriten, koncentrerat en forbluffande hég kalihalt, som enbart vore till- 
racklig for att forklara nefelinsyenitmagmans kalihalt, om svartvikiten fére- 
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kommit i tillriicklig mingd. Da de hittills observerbara mangderna svartvikit 
kvantitativt ej ricka till, har rapakivisyeniten, vars existens ar oomtvistlig, 
tillgripits som en logisk hjailphypotes, stédd dels av den direkt observerbara 
kalcit-dissociationen pa Ulfs inom omradet fér doleritens overskottsvarme, 
dels av karbonat-ortoklas-gingsystemen. 
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Geolognytt. : 
I dverensstimmelse med Féreningens beslut pa métet den 2 februari 
kommer en geologisk exkursion att anordnas instundande maj manad pa 
dag och enligt program, som kommer att meddelas i samma ordning som kal- 
lelser till Féreningens sammantraden. 
Geokronologiska institutet vid Stockholms hégskola har ur WENNER-GREN- 
ska Fonden erhallit ett anslag av 11 000 kronor for tryckning av Geochrono- 
logia Suecica. 


Docent Harry von EcKERMANN har kallats till Foreign Correspondent 
och prof. Erik Strenst6 till Foreign Fellow of the Geological Society of 
London. 


Naturforschende Gesellschaft, Schaffhausen, haller den 11 och 12 mars 
1939 ett mote for behandling av Groénlands geologi. 


Enligt uppgift 1 dagspressen har fil. lic. Nits Brunprys och docent SVEN 
PatmQuists geokemiska metod fér malmletning férvirvats av ett under 
bildning varande bolag, Svenska prospekterings-A. B., till vilket de bada 
uppfinnarna komma att bli knutna. 


Den 23 februari visades pa Riksmuseets mineralogiska avdelning for ett 
antal intresserade en guldklimp fran Klondyke, vigande 2 246 g och med 
en beriknad miingd finguld av 1187 g. Nuggeten, som dr en av de storsta, 
som patriffats 1 Klondyke, har inképts av den svenska New York-utstall- 
ningen och ar avsedd att utstiillas dir tillsammans med guld- och silver- 
tackor fran Boliden, varefter den kommer att som giava éverlimnas till 
Riksmuseum. Eftersom den aldrig omtalats i facklitteraturen, kommer 
en kort notis med nirmare uppgifter om denna nugget att inféras i nasta 
hafte av Forhandlingarna. 
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Arsbok 32 (1938). 

N:o 411 Larsson, W., Die Svinesund—Kosterfjord-Uberschiebung. Ein Beitrag 

zur postgranitischen tektonischen Geschichte des nérdlichsten Bohus- 

LATER OOO! ares sais 1,00 
>» 412 Arruenivs, 0O., Upplysningar | till en : karta. éver "den gotlandska “Aker- 

jordens fosfathalt. Med en karta. Summary: The Phosphate content 

of the soils of the Isle of Gotland. 1938... . 2,00 
» 413 Hsenmgvist, S., Uber Sedimentgesteine in der Leptitformation Mittel- 
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» 414 Lonpevisr, G., Klotentjirnarnas sediment. gare) Die Sedi- 

mente der Klotenseen. I bist 88 Soe 1,00 
>» 415 Tuorstunp, P. and WersrerGarp, A. H., " Deep ‘boring "through ‘the 

Cambro-Silurian at File haidar, Gotland. Prel. report. With 4 plates 


Weiey 6 Bs se 2 - . + 2,00 
» 416 Du Rirrz, T., The injection piotanorobian! of the Muruhatten region 
and problems suggested thereby. 1938 .. . 2,00 
» 417 Asxktunp, B., Hauptziige der Tektonik und Stratigraphie der mittleren ; 
Kaledoniden in Schweden. Mit 1 Tafel. 1938... . . 2,00 
» 418 Macnusson, N. H., Neue Untersuchungen innerhalb des Grangesberg- 
feldes. Mit einer (SWE IAB RE 6 5 Ese 2,00 
» 420 Lunpevist, G., Sjésediment fran Bergslagen: (Rolbiiekstins cyatbae 
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Ser. Ca. 
N:o 24 GuisER, Per, Norbergs berggrund och malmfyndigheter. Med 6 tavlor. 
Summary: Geology and ore deposits of Norberg. 1936... . 8,00 


» 25 Monin, K., A general earth magnetic investigation of Sweden carried 
out during the period 1928— 1934 by the Geological survey of Swe- 


den. Part 1. Declination. With 4 plates. 1936 . . 2 © Me OTA 
>» 28 GEER, PER, Stripa odalfalts geologi. Med 3 tavlor. Summary fookes 
of the Stripa mining field. 1988 <=. 2... . - a « 6,00 
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Rj ie O, Nir 1—367. : — ; 

il Dr NAIMA SAHLBOM age ‘ eal pit mag 

‘ synta svit finnes f. n. ett ex. att tillga, 
Speciallaboratorium tN kronor 900: —. 


Stort urval av geologiska bicker 


for 
: och avhandlingar. 
Mineral-, Bergarts- och Vatten- : 
analyser. Geologiska och ekonomiska kartor 


d a i rik sortering. 
Radioaktivitetsmatningar m. m. Se RESEET 
BJORCK & BORJESSON 
Telefon 10 33 72 ANTIK VARIAT-BOKHANDEL 
Eriksbergsgatan 13 Stockholm 62 Drottninggatan. Stockholm 


Harmed riktas en allvarlig uppmaning till férfattarna i Geol. For- 
sningens Férhandlingar att avlimna tydliga, slutgiltiga och val 
yenomsedda samt helst maskinskrivna manuskript. 

Sarskilt bér uppmarksamheten dgnas at stringt genomford konse- 
kvens betriffande skrivningen ay namn, latiniserade ordformer 
ch tekniska uttryck, samt at stilformernas riktiga betecknande 
kursiv, sparrad, -KaPITALer). Kursivstil anvandes blott for latinska 
1amn (ej fdr att understryka vikten av visst textinnehall). Sparrad 
til anvandes for att framha&va vissa ord eller meningar i texten. 
<apitiler anvindas fdr alla personnamn. I manuskriptet utmiarkes: 

spairrning med ~~~~..~ 

KAPITALER > 

kursiv ee 

Konsekvens i férkortningar ar i hég grad énskvard. Féljande de- 
aljer kunna uppmarksammas: 

km dm m (antikva utan punkt). 

dr (doktor), prof. (professor), hr (herr). 

Titel angives blott férsta gangen forfattare citeras, men upprepas 
j] onédigtvis. 

Korrekturlasning aligger forf. Red. 


Diamond Core Drilling 
Cement Grouting 


Contractors 
and 
Manufacturers of machinery 


Svenska Diamantbergborrnings 
Aktiebolaget 


Kungsgatan 44 
Stockholm C. 


GEOLOGICAL 
and 
GEOPHYSICAL PROSPECTING 


FOR ORE AND OIL 


by means of 


Electrical, Magnetic, Gravimetric, 
Seismic Methods 
AKTIEBOLAGET ELEKTRISK MALMLETNING 
(The Electrical Prospecting Company) 
Kungsgatan 44, Stockholm, Sweden. 

Wome fur Publicabions, 


tillging erhéllas: 


Generalregister till | Generalregister till — 
Bd 1—31 & 20 kr. Bd 1-5 a3 kr. Bd 22—81 46 kr. 
bee as > 6109 4 bs > 8241 > 6 aa 
Po fiertecttg: > 1B ee > 42-50 > 6 >» 


Lisa hiften av alla banden till pris beroende p& hiftenas omfang. 

Medlemmar av Foreningen erhalla genom skattmistaren de aldre banden ay Fo anc 
lingarna och Generalregistret till halften av det ovan Upptsens bokhandelspriset. 
haften limnas ej prisnedsittning. (Styrelsens beslut d. *"/10 1922.) 


Geologiska Féreningens sekreterare, Docenten G. Troedsson, traffas i Fére 


° 


angelagenheter & Riksmuseets Paleozoologiska Avdelning, mand. och lérd. kl. 13 
Tel. 336340, samt i bostaden Bragev. 29, Djursholm, Tel. Djursholm 10 10. Efter évers 
kommelse per telefon kan sekreteraren dven traffas 4 Stockholms Hégskolas Geole 
Institut. > 


Féreningens ordinarie méten aga rum firsta helgfria torsdag i manaderna fe! 
ari, mars, april, maj, oktober, november och december. Dagen for januarimétet bestam: 
decembersammankomsten. Anslag om féredragningslistan finnas minst 3 dagar fore 
mantraidet uppsatta p& anslagstavlorna 4 féljande offentliga institutioner: Stockholms Hégskol: 
Tekniska Higskolan, Bergshégskolan, Jernkontoret, Sy. Geol. Undersékning, Statens Meteorologis} 
Hydrografiska Anstalt, Statens Skogsférséksanstalt, Statens Jarnvagars Geotekniska avd., Upsa 
Univ:s Geolog., Geogr., Paleont. och Vaxtbiol. inst. samt Lunds Univ:s Geol. inst. : 

Personlig kallelse till sammantradena utfardas p& darom gjord framsti 
sekreteraren. ; | 

Hiaftena utdelas sammantradesdagarna i januari, mars, maj ocha 
vember. : 


Uppsatser, avsedda att inforas i Férhandlingarna, insindas till Féreningens sekreter r 
Riksmuseum, Stockholm 50. Atfdljande tavlor och figurer béra vara fallt fardiga 
reproduktion, di de jamte uppsatsen sandas. ay 

I Férhandlingarna m& uppsatser — férutom pi skandinaviskt sprik — infdras pi 
gelska, franska eller tyska; dock vare férfattare skyldig att i de fall di Styrelsen anse! 
dant énskvart bifoga en resumé pa skandinaviskt sprak. 

Darest korrektionskostnaderna for inford uppsats uppg& till mera an 16 krono: 
tryckark, vare férfattare skyldig att erligga det 6verskjutande beloppet, sAvida det up 
till minst 10 kr. pr uppsats. 

Férfattare erhaller gratis 75 separat av inférda uppsatser. 


Referat honoreras silunda (Féren. beslut 7/12 1911): 
lista sidan eller del dirav ..... . . efter 20 dre pr tryckrad. 
2:dra > Reed) aD ree i i, PEN ee > 
3:dje > eee eae 3 je Bane Mal) bbe) Aen? gee 0) ame > 
Féljande sidor honoreras icke. 


Anmilan om féredrag géres i god tid hos sekreteraren. . 
Ledaméternas arsavgifter, vilka enligt § 7 av Foreningens es skola vara inbe etal 
senast den 1 mars, insindas till Féreningens skattmastare, Dr K. E. SantsTRO, ‘Sveri 


Geologiska Undersékning, Stockholm 50, till vilken pind on ledansBgar aven tor¢ 


insinda uppgifterom andringar av adresser och titlar. Arsavgifter, som ej aro inbetald: 
den 1 mars, ar skattmiastaren skyldig att oférdréjligen inkrava. 

Arsavgiften utgér kr. 15: —, avgift sisom stindig ledamot kr. 200: —. Ledamo 
som under en fdljd av minst 20 &r erlagt Arlig ledamotsaygift, kan bliva stindig ledamo 
mot en avgift av kr. 100: —. Be 


